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AESTRACT

CP/M=£6 is a microcomputer (INTEL 2¢36) operatirz system
developed and margeted by Digital Researcn. The operatirng
system is designed sc taat a user can 2a4apt the system 1o
his own input/output hardware devices. This tresis aevelops
interfaces to two floppy disx <controllers, tne 1S3C 2¢1
(single densitv) and tne iSEC 2«2 (double density’
controllers. Tae interface includes tnae writing of a »ncot
loader embdedded 1in tne 1SBC 997 Execution Vehicle Moniter,
the monitor system for the INTEL iSBC S6/12 single board
computer. Also included 1is an interface moduie for the cold
start loader (loader 3I0S) and ar input ard ouatpnt
interface, BIOS. A design ¢tor tne 1interface modnule 5¢
typical systems based on ¥inchester tecanology hari d4isxs is

also presented.
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I. INTHODUYCTION

A, PURPCSY OF THIS THESIS

Tne aaaptation of CP/M-¥6 to tne nardware 1eccriced
nerein was urdertaken to provide ar c¢pe2rating system for
=¢%6 processor based sirele boart computers at the Naval
Pposteraduate Schcol. Tnis operating system will suppert
sgttware deva2lopment 3nd system ermulation tor the AKGIS
modeling project. The sotrtware #ill oe availabie for generajy
us2 at NPS. Ia addition +the experience of moditylizne an
cperating system provided tae autzor with an opportunitv to
l2arn adout microcorputer nardware and microcomputar

operatinz systems.,

B. HISTORY OF MICROCOMPUTER OPERATING SYSTEMS

Thie i3 & triet overview of tne nistory of microcomputer
operating systems summarized from Ief. 1. It is necessarily
brief as tne aivent of MiICcrocomputer operating svsiems 1is
{tselr ratrer recent., Microcomputers came 0t age with the
coastruction of tne entire central processor on orne cnig,
the replacerent of core memory with inexpensive mass
producea <emiconductor memowry, tne availabpility ot tne
Y1oopy diske and tne standardization ot disgette rormat. At
tirst, tne primary applications of microcomputers were 1in
reiyl=time cortrol systems such as macniae coatrolled tools.

In such applitcations, process management 1is tne mé&in tarust

12




and system I/0 1is negligidle. Tais resyuirea 3 simple,

14

~ustomizad operatiae syster. Tn tirst mi~rcerorputer
operating systems, mare probherlv callel executive systeme,
were for real time applications. As microcomputer sSysters
recame lecs expensive, it tecame »nnssitle to devotle & cyvstem
to> 2 sinegls user as 3 preeram cevelopment to00l, Tnis use
nresented tne need tor aigner level language suddoTl, wnicn
me3ant that an Jperatineg system na< 10 ilatarrace one Or more
nrozranning laneyaegel(s) 19 tne nardware. Several
microcomputer maputfacturers nave proiured their own
sperarineg systams, Tnese opereting systems are snecirically
i1esiegned tor a ~computer System and ar2 generalliy act user
confizuravle,.

Jnjike tne large, powerful operatizng systems +foura 1irn
myintrame anl large minizomputer timesharine systems,
ricrocorput2r operating systems are rejatively austere and
simple. One ot the primary reasons tor thils aitrrerence is
trat a microcomputer is usually & single user system (witn
some exceptions). As a result, the operatine system 120es 201
need to providie f2atures sucn as memory protection, process
scaedquline and tire srnarire of the CPU(s). sesides 1tne
sinpler 1interface required of & micrccomputer cgperatinag
system, the operating system and tne applications proerams
must tunction in a <small 4&mount of primary storaéee,
typically betecen 16X and 64K, as compared t0 several

megatyteés in tne large maiaframes., Even tnoufn reletively

11




small and sirple, a microcomputer operating syster must
still provide ¢1lle management, process management and 1/0
management.

Two representative microcomputer operating systems are
INTEL’s ISIS-II and Dizitai Researcn’s CP/M-8y. Ty operate
urder ISIS, the user requires a minirum or 82X of primary
storage. Tne (CP/M wuser regulres a minimum st 16£. Botn
vrovide the basiz tunctions requireaq ot an operating syster.
ISIS, nowever, will onlily run on an INTEL computer svstem
rentiguration and is not usar modityaole. CP/M-E@ is
designed to run on any 8498¢¥ or Z-30 based microacomnputer
systam after the user has moditiea the proeram moaule
containing tne naraware 31ependencies. Tnis factor alone
mages CP/¥M pooular 3nd rnas resultea ir tne productiocr of

maay CP/M compatiple utliity and application or

O

grams tv
otner companies. ISIS nas some tresatures beyond tnose n* Ck/™
in tae aresa of developnent sortware tror INTEL narawére,

CP/M’s dyramic debueeer (DDT), nowever, is more powerru! ard

/

'd
K4

2asier to use tnan INTEL’s ICk system, 2ota ISIS anc C
support essentially tne same ¢tile cps2rations. Currently,
necause ot its tlexipility, CP/¥ is tas most wizely us=?
microcomputar operating system,

Mujiti-user systems sucn a4as MP/M ane microcompuler
network systems such as CP/N2ZT (rpoth produced oy Dieital

Researcn), are now availaople.

1z
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. AQLAPTATION TD THEE USERS ANVIRONMENT

Dieital 3R2s52arch nis attaroted 10 mage treir Cx/v
aperatiae systems as tiexivie, ia terns 52¢r narcawdarz suite,
as possinle, Tha rrethod used is roanlar proeramrine. Tne
user intertace, tne (oansole Cammand Pracessor (C7PY nac 7o
n3irdiware iapanienci=s otner tnan tas CFU, Tne vile
managemnent system, tne Rasic Jisk Coperaviae System (3D0S),
is also 1independent of nhardware. 3otn tne CCF and tre E0CS
are intertacez t¢o the RBasic Inpvt/Ovtput System [3I0%)
taroueh loeical I/0 Adevices and logizal 1isk devices. Tne
3108, tnen, coatains tnhe Logical device 19 9pavsical <evice
traaslation routirces. Adaptation of tn2 coperatine systam 10
a unigue envirenment rsquires only tne mec2ificatior of tre
ippropriate EIOS routines, greatly simpliryine the
alteration process.

Jn~e one nas successtully ccmpleted ohe aagaptation,
¥nillow=on 2daptatrions will be Tucn easier to acnieve as an
ntierstandince ot the operatine system and its iaterrace
procedures is ievelioped ajfons with a berter understéncing »t

microcomputer arcazitecture in gen=ral.

L. OCRGANIZATION OF THIS THESIS

Tnis taesis 1s organizeaz as a clueprint tor alteraticn
0t the CP/M-25 operatine system to any specitis haraware
configuration. Tanis metnodoLogy will also serve, at least 1icm

geperal, tor ine jlteration or ary operatine

18
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system—-to-nardware intertace. Cpapter 1 is a priet
introduction to microcomputer operatine systems in eeneral
and tne moaitrication ot tne CP/M-m€ aspeérating system 1n
particular. Chapter 2 retlects the investieation ot tne
cangidate operatineg system in oraer to urndcerstend now to
alapt it to the existine hardware, Craptar ¥ is a summary cf
tne study of tne typical ¢floppy 321sKk oOr Wincnester
technoloey 1iisx ana a loog at possinie hardware ~anaidates.
Cnapter 4 covers the adaptation ot the I/0 intertace module
(BIOS) and the bootstrap program ror these versions ot the
operating system. Chapter ol dlscusses some ot tine
dirticulties encountered and a plarn ror adaptine Ck/M-=6 10
3 nard disk. Tne appendices contain tne programs z2evelopea
as part ot theslis and one ot the »roerams whicn was usea as

a model.

14
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CP/v=25 {is a microcorputer operating syster fcr INTEL
CORPORATION"S 2¢8€ prncessor tésea microcsomputers. It is tane
loeizal successor to CE/M=%Z, 31 similar operatine system
developed 4and margeted ¢ty Digital Pesearcn for tae [INTEL
dé%d vnro-essor., File ~ompativiiity nas p22n preserved with
all previous versions of CP/M, CP/M provides a sfeneral
environment ¢92r program coastruction, storage, eaitine,
execution ana cetugging. Tnhne file structure ot version 2 ot
CPF/M=52 is used, aliowine 3as many as sixteern 4rives witn up
1o eiegnt megatyti®s 0n 2&cn arive,

Cp/v-€5 offers suilt=in utility ccmmands, systam
transient commands and tne capapility ot executing ucer
1efined transient commanas (prozrams). Amorg tne system
transient programs are an Intel compatitie assempler (aSvee)
and a ¢ynamic macaine lanzuage program asbuegzer (LDT). They

are aescriped in detail in Disital Researcn’s putiicetiors

L?

123}
{0

t. 2] ard |Ret., 8] respectively.

A powertful teature of CP/M is 1ts mozularity. Cne o¢ tne
taree modules ct tne operatinz system, the 3asic I/0 Systerm
(8I10S), azetines tne nariware eanvironment for tne system. 4s
a result or tz2is modularity, CP/vM-£5 can be rodiried to rua

on any H80%5/3¢=8 processor based, sinfle processor computer

15
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system by nmerely <c¢-anging tn2e EIOS. A  more detail=a
description ot CP/M ana ite reatures is containea in Dizitatl

Researsn’s publizations [Ret. 4), [2efr, 5} anda (3er. 5].

3. CRGANIZATION OF CP/v~-8b

The sources ot CP/vM-co intormation for tnis paper are
(fer. 4y, ([Ret. B} ant2 ([Ret. €|. Tnis chapter treely
summarizes the relevant material to tals thesis.

Tne operating system 1is contained in trile "CPM.SYS'.
"CPM.SYS” contains tnree proeram modules: tne Console
Command Processor (CCP), tne Basic Disg Operating System
(BDOS), and the user—contisuradle 2asic Input/Output System
(BIOS). Tnis modularity allows tne CCP anda BDOS to ve
indepandent of the hardware 1in wnich the system is
inplemented.

The CCP is tne system’s interface to tae user’s ccnsole.
It translates the user’s commands into CP/M system calis in
order to carry out the desired action. Tne EPJIS module
provides ail the disk and file management. Tne KIOS contains
all "tae narcware dependent featulres and intervaces, Tne
operatineg system executes in any portion of memory sbove tne
interrupt locations, wnile 1tne remainder of tae adaress
space 1s partitioned 1nto as many as 21kht non-contiguous
regiorns, as defined in a tadle in tne BIOS.

CP/M-86 15 too large a program to fit in tne +¢irst 1two

(system) tracks of a diskxette, ASs a result tae boot loacder

16
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loads iato memory a3 zold start loader, called ~LOALKR.CMD",
from tne first two tricks. Tne btoeot icaler maKes tze
appropriate 1injtializatiorns a4ana then transters program
control to tae cold starv loader. The cold start loacer,

wnicn 1s essentially a supset of CPM.SYS™, tinas ~CP™.SYS”
on the system 3isk, loads 1t into memory, mages the proper
inivializations, ard ftinally transters ~2cntrol 1to the

operating system.

C. CCP 2UILT-IN &% TRANSIENT CUMMANDS

The operation ot CP/M=86 is similar to tzat of CP/M-R¢.
Upon co0ld start tne operating systan siens on and drive A is
logged-in, CP/M-86 ther waits for ar 1nput ccmmand line.
There are rive huilt in commands:

DIR - <displays tae directory ot tae cesignated drive

EIA - erases the speciried directory entry on tae

1esignated drive

REN - renames tne 1esignatec file

TIPE - tyves thne designated tile tc the logical ~cnsole
device

JSER = caanges user cirectories 12 multi-iirectory

systems
Also tne command line mav tegin wlth the nrame of a
transient program witn the assumed file type of CMD., CMD
stands far “command tile” and is wused to aitferentiate

CP/v—£6 transiert commance fiies from COM files uncer CP/M-tP




40120 serve tne same pyrpose, Transient proesréms ere  ioaaged
irto memory in tae Transiert Program Area(s) (TPa), as
tettined in tae EIDJS, ir stacs ories,

CP/v¥-£6 supports programs written in trree nmeTory
madels: tha B¢R¢ moilel, tne Small moa=l ard tnre Comrdart
mozal.

The Bg89Y mod=] supports proerams wnicn are directly
tranclated $from CP/¥-2¢ wnen code 3nd aata areas are
intermixed1. The model consists only ot a code verouvp which,
ir turn, 1is normaliy a sinsle seament ot %4K or lecs. Tne
operatine system and the ~2ld staTt 103d2r are writter {in
tne 293¢ modal.

The Small model suvports programs wnere tnere is a
separate ~od2 and 4ata eroup. Normally tae Small rodsl
prograns are 54%¥ or less.

Tne Compast model o7curs «~hsn iny ¢t t=e extra, SlicsK OT
auxiliary <groups are pressent ia tne prosram. £icn group Tay
~onsist oY one or rore ssgments.

The tnree nodels diftfer primarily in tne ménner in w«nlcn
the seement roeista2rs are iaitialized ugern transisnt proerar
i1oidine. Tne operating cystem’s proasram Lo&a rerction
1sternines ta2 memcry moZiel used py tae transient arcgram ny
exarinine ke proeram 2rsup used., All thr2e medels are

Aiscussed in rore detail 1o tne naxt sa2ction.




1. Trarsiany ¥Froerar “xe-cutlion ‘0i=ls

Trae 1n1it1al ralu2s of tne sesmanr reglelers are
1etermines ty tae | memory mocsl 6f tae transiant prearanm
and are desgcritesd i1 tne C¥D rile neadq2r csezerstel [y Ing

program  "GENCMD.CMDT  cr TGENCWL.COM". Tze taree mozsls aTe

2picred 1n Figure 1,

! 2egg¢ vodiel ! Code ara fata Greups fvarlap !
' Small Moi=2)l ! Indepencent Code S Pata 3rouzs !
! Compact ™oael ! Taree or Mcre Incepenaent Groups !

Figzure 1 Transient Program Memory Vocels,

3. Tha B¢EL Moial
Tne 89H¢ Modefl is dassumed winen tae trensient
arograr ~ontains oniy a code eroup (containiaze doth coce azd

S, DS

m
=3
w
-3
m
™
| ud
w
¢
14
~
(]
Q
-3
3]
o
o
b

na

(@]

Zata). In sucn cacses, tne
initialized 10 tne peeinning ot tne coze zroug, wiile the 5§
an1 SP registers remaln cet 1o a PE~ryte stack érea ia  ine
CCF. Tne Instruction Pointar {(IP) is set to 1ige¢H, simiiar te
TP/M-5E. Tne irtermixed coae ang  4&ta reflons ere
in2istinguisnavi=, This moder allows simple transiaticn of

z2drd, H@¢xH and Z&¢ coil1e intn tne Tk and Lg=¥E enviranm

3
()]
3
L]
.

Tollowing program load, tne &¢<J Vciel appearls as 1ir  Fisurs

<, wnere low addresses are saown 3t tn2 top oY tae liaéfrarm,

19
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1

TDC 6 e o e - - - ——— - —— o o—-

‘ - ) 1]
! ccr !

! '

§3 + 5P

(s, D5, E8: w===m=mm—me———

LS + J¢iceB ! race !

! page !

; 0S5 + €1L¢H: ! AP = ¥1L2E !
! code !

E ! 1ata !
! ceode !

! d4ara !

Pizure 2 The E(¢E¢ “Mamory Moie!l.

Tn2 Small Moael is assured wheg tre transient

pro£ram uses totn 3 coae and carad group. {(In ASMES, all coze
is gzenerated tollowine a <CSZEG directive, wnile d3ta is
derined ¢oliowing a DSEG directive.) In tnis case 7S is cet
t2 the teeinnine ot th2 codie sroup, th2 DS and 38 rezisters
are set 0 tne start or tae dats £roup, &na tae £S5 anx °7

registers rerain in the CCP”s ar=a as shown erajni~atly in

Figure 3.




9! mcommmca——————
! cce !
1 ]
! Stacxk !
§3 + 5P
! IP = @VEgH
! code !
! !
DS [} ES : —— A D " A -
! rase !
! pags !
DS + @1¢@E: ! !
! data !
! !

o A o  — — =~ —

Figure 3 Tne Small Memory “odel.

¢. Tne Compact Moael

Tane Compact Model is assum2d1 wnaen serarate coce
@11 d4ata eroups are present, a&lons witn one or more ot ne
remaining groups. In tals case, tze CS, DS anz LS registers
are initialized to tae base address ot tagir respecrive
areas., Tane S35 anz SP reglisters remrair in tvae CCk area. If
tne user interls to use tne Stack £roup &s & stacy area, ine
transient preeram must set the SS ani SP registars upe:n

entry. The initial contiguration o¢

tals mocel is scown in Figure 4,
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S wmme—mme e ———
{ ] ]
! cCP !
! !
! Stack !
S§ = SP:
CS: w—mrerrmmm—
] 1 ]
! 1P = @Lues !
! cede !
1] 1
L8 ———rermmmmeemm
l pase !
! page !
DS + @1¢eH: ! !
! 1ata !
! !
ES: - ——
1 1
! 1ata !

Fizure 4 Tne Compact Memory Model.

The wvajlues ot the various s=2gment reeistars ran
l pe prngrannatically changed durineg execution oy cnénfing tne
values in tae btase page2 3as descrited in tne prelirinary
documéntation, thus &allowing access 1o tne engire memorv
space.

2. Transient Proegram Setup And Termination

Similar to CP/M-8d, the CCP parses up 110 1Iwe £ile
nanes tollowine the ~=ommand and planes the properly
rarmatted File Control Biocks (FCB“s) at locatlons ¢¢¢SCH
and ©¥2d6CH 4in the base paege relative to the DS resistar.

Ynier (P/v-8¥Y, tne detauit LMA (dairect memorv access)

22
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adaress is initialized to 24=¢E in tae pase page. Lue to tae

w
1]

gmented memory Ot the E£¢=5 ana =¢YE processors, tne L4
address is 2ivized 1ntc two parts: tae DMA segment acdAress
and tne [MA offset. Also, unaer CP/M-£6, tne cerault [VvA
pase is set to the value of DS, and tze defauit T[V2 otf¢set
i¢ inittalized to £¢B¢R. Taus, CP/¥-t¢ ana CP/M-Z5 agperate
in the same way in tzat they botn assume tne derault DvA
alddress is the s2cond naltY of tne base page.

The CCP transfers control to the transient precerar
throusn an 3¢36 "Far Cali.  In all but one ccce ¢ tre
Ccmpact Model, the transient proesram may chooSe 10 use the
g&-byte CCP stack, and optionally return directiv to tane CCP
uponr proeram termination by executine 4 Far Return.
Progranmatic terminatiosn also occurs wnen BDOS function zero
is exezuted. The operator may terminate program execution by
tvpinge a single CONTROL-C during line editec input. Tnis nas
the same eftect as proerammatic executioa ot EDOS twun-tion
zers. Contrary to tne operation of CP/M-B¢, no disg recet
ozcurs and the CCP and BDOS modules are not reioaded tror
tne disk upon programn termindation. In sanort, ¢or tne user
tantliar with CP/M-E0, the CP/VM-ES =anvironmeat 1is very

sinmilar, tut more powerful,

D. BDOS SUMMARY

Entry into the BDOS 1s made tnrougn tne =¢EE software

interrunt # 224, The BDOS 1is, essentiatily, a set or 59




- 3

*vactians of taree pasic  typess simple ‘fuvnctions, tfiie

')

operations ani extan1e1 operations. Tne iaterrace ~cnventicn

(31

tor BRBDOS calls reguires tnat tunction code He passed 1n
F register CL witn parameters passed 1in reeistar Tl c¢r [X
depending on wnetner it is a syte or wori: value. Byte values

are returned in tne AL rezistar ang word values in reeisters

AY ane BX. Table 1 pelow, from Reterence 5, summarizes tnese

w

nronventions., A *tull descriptioa ot eacn EDUS tuncotion i

ziven in [Ref.6]).

! BDOS Entry Registers ! ! BDOS Return heesicters !

CX Function Coade ! ! !
DL Ryte Parameter ! ! !
DX Wori Parameter ! ! BX Word Talue !
LS Data Segment ! ! £X Doutle Word Ortrset !

! ! ES Segment Alaress !

- —— — o — —— o ———— —

et tem sey V® omn

Tarle 1 BDOS Parameter Coaventicns.

! B, BIJS SUMMARY

Tne BIOS is load=d into memory Jjust atove the (CP and
BDOS modules as illustrated in Figure 5,

Since the BIOS mray te contiesured by tne user, 1t ray
vary somewaat ia lengta. Inaividuai routines witain tne EICS
m3ivy be at Jdifferent memorv locations. In ara2r to
standaraize tae interface to tae BICS, all accesses tc tne
£I0S are maie tarougn tne jump vector at tane tegfirnine  of

that mocule. Tn2 BIOS, like tne EBEDCS, also 2as paraneter

oo
13




! CTonsole
' Cormand !
! Prorassor !
! !
! and !

i ! Basi-~ ! ‘
! Licx ! .
! Joeratine ! r
! System ! i

!
! EICS Entry Points !
1

tu
-
(@]
o
.

! Disx ! j
! Farametar
! Taples !

! Uninitiatize
! Scrat~n I

Fizure 5 Memory Lociticn ot tn=e FICS.

passing conventions. Parameters for reoutiaes in tne RICY are

-

nassed in tne CI register aga tnhe LX raeister snen reguirad,
EL

ivte values are resturned ia tnh=2

Tnere are tnree major types of routines 121 tne 3FI38:

system initialization/reinitializacion, sirple ztarazter 1.7

3 and disk I/0. AllL simple cnaracter 1/3 operations are

0
fu
[V
b

assumed to be in ASCII, both upper and lower

‘o
~

: nign oraer (parity) ¢tit set te zeroc. CP/M =sees &l

peripneral 1evices as loeical” 1devices. Tracsiation trer

logical device seieéction 1o physical 1evice assisnment 1¢

25
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3~corolisned ir tne EICS, tnus isolatize tne CCP an-
from naraware lepenadenciecs., BICS routin2 entry 1s exniiinen
in Dieital Researsn’s pudslication {3et. S). The 2108
contaias tne Disg Parameter Tatles wnich contalrn
deseription of the disk drive and proviie 3 s~ ratenpan

$ar certain BLOS operations.




Ao m

III. INPUT/QUTPUT DEVICKS

In CPF/M=ES tne CCP and BDOS accompliisn all I/9 via tour
"logical" deVicesS. Tne BIOS assizns whatever pay¥sical
ievices are in tkhat parti~cular system 10 tnrose loei~al
~ayicee, Tals mMaprking in tne RIOS nrecerves tze ingependence

ot tnhe CCP and BLOS from tne nariware coatieuraticn.

A. LOGICAL I/0 LEVICES

CP/M-%6 adiresses tour loeical I/0 dsvices: trne cornsol=,
Une L18T 4eVicasy Tne PuBcn deVice aR2 tae Teazel. Tae
~onsole is the principal 1interartive 9peripneral torscuegh
wnicn tne operating systiem communicares wlth tne OJSpeErator.
Tne list devire is the priccipal listine 4device, usually a

nardcopy print2r. Tne punch aevice 1is tne principai tape

0
13

un

'J

nineg 4svice, usually a nien-speed pap=2r tape puncnh °or
teletype., Tne reader 1s tne principal tape reading device.
#nen tre " IOBYITE” tunction is implemernted, dyrami~ loeiczl

12 paysical device mapplng may be accomplisnheqd &as Iescrited

in Re?. 6.

E. PHYSICAL I/0 DEVICES

T™he CONIN, CONOUT, LISIOUT, PUNCH ana REALER rcutires 1in
the BI0S detine the physical interraces with peripnerals.
m

ne system acapter may aetine, in tne 3I0S, sucnhr cevices as

r3ssette tape recorders etc. SO long as it is intertaced




altn one of ta2 lo&lcai devices, Ia tals adaptation tne list
2evice ang tae conscel2 c2vice ars pota mapped 10 tne  seried
231ge connector wnere tne CXT consols is connertet. The
reazer is “stubced’ witz 3z erd of riie’ 1mput, Taat 1S,

instead ot a routine to iatertace a pnrysical reec osvice,

[+2)

tne pIJS simply returns an indicaticn tzatv tae rTeat nas resn
~omplete. And the punca devire mep is  stupted  witn 3

reaiurn statement.

C. TISK DEVICES

1. Fard Disxs, floppy Lisks

'y

1isL

v

Tnere are maRy 1irglemeatations ¢ tne rar

tecannlogies., Taere are fixeéd anc movarie neegl cai

(4]

.4

(4}

’

ranovatle disg packs and even comeiaation nart act *logpoy

systens. Flopry 11szette€s Lome mairnly in tae & éna

w

size,
single and 1icuble density, sinzle ard 1oultle siqed, 3nzi as
indicated atove in Comrtination wita nérz aisks.

2., Oregapization ct Pata

Altasven eacn disg drive Tay ce giftrerent, 21&ta

§
“w

storeq in conceptualiy tzae same manner, Trne disx surrace is

e

a1iviadea 1intn tracgs f(ecr criiciers, i ¢ muiti-platter

system.) Zacn track is divided into sscters. Eacnh s2ntor is
aiiressdaple tv tane controlier, making it tne dasig uriyp of
storage, [n multi-platter ancd/or rulti-nead systems, 10
access tane 21sk tne controlier must sel2ct LRE proper

neac/platter as well as tae trac£ anc sector rejuired.

2¢
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The amount or z2ata tnRat ~3a2 Be SLIo7272 07 3 Zevi~e i
1epengent on tne  <1ze of [oe  QEevlce  dnc a2 recorglirg
vsormat., Dounle zensity, i3S 1a€ naTe 1mplles, 2lves twi~e 25
fucn Starége on 4 disxetrte de sizegle  1eneitry., Tze cost,
nowever, is ereater,

Altaoougn tae  téceic unit of storag2® 1¢ fne ¢eciar,
s2ctors are not the samne size in avery syster. L =22Laral,
tne larger tne sector, tONE more S¥Yici2nt tne <ToTraseE, tut
the less etrfici=nt the 3~C255. Many systams a1loa4 The ls27v
12> select twtne sector size from & Limited set oI casices,
Sectors are normally 3 multiple of 1248 nytes.

3. Intertaces 1o tne Computler

The Key to tne storages of 1anforraticn o©0a tae
recording mediia, at  least rrorm  tha  pperatine system

modifier”s point of viaw, is tae disx arive ccrnircller. Tne

controller jtsalr is nseally E| risreprozrarred
microprocessor. The controller naandiss tne actial reazirg
rrom and writine to tne 1isg ig adaition to otaer furn~tions

such as seekg, tormai etc. Tne relative gautonnmy oI *n

D

~ontroller ¢rees tne operatine system trcm havine to hazndle
disg I/0 on & primitive level. However, tae 3I0S, anicn 1is
nardware specitir, must still ~ormunicat2 with  tra
controller at a fairiy low level,

Most microcomputer system I/0 is done by DvHa., In
zenperal tne nost operating system creates, sorewhére 1in

memory, an ertity, orten called a command packet” or I1/0

29
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parameter block or some similarily Zescriptive name., Tne
"packet” is usually seven to ten Oytas of inrormation wni-n
contain tae 1eotailez command for tage 2isx 4rive contreiler.
These ~pack2ts rorm the sole means of issuiae L/0 comranzs
to the cortroller,

Normally tne 4isg arive controller/interrace snares
a bus witn tone nost system., AS a result tne coatroller’s
command/status reegisters have devire addresses trom tre ‘tus,
In most systems, tney can te sel &v the user pricr to system
start-up.

Tne nost system sencs tne address of tne I/0 commana
picket to the ecommand resistars of the controller. Upon
receipt of tnis agiress tne controller i1anjitiates actioan 10
zain control ot tne pus. Waen tne controlier nas centrol cf
the bus it reais the appropriate aumber ot byles trom the
ajaress PR was given, The controller decoces tais
intformation and tnen carries out tae grescribed operaticr.
Tne controller m3ay siznal completion ir varisus ways, tne
most common being entering a completior code in tze command
packet ¢tor the host to read, Sezdine an izterrupt to tre
ngst processor, 2r storiag tne status in an on-poart  status
register for the host to read.

Many systems allow tne DMA to bte “tarottled , thét
is, the controller eives up control of tnhe bus periodically

in order (o increase overall system speed,

-
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Jtner r2atures ccmmonly 1nciuzed in  disg crive
coatroliers are: liaked I/0, tnhat is, tn2 abiiity 10 execyuie
rore than one I/0 comrmanc paciet witzoutr promptine “rom tne
nost proscessor. “ultiple sesctor I/C, tnat is, tne atility to
read or writ=2 more tnan one sector ia response 1o a sirgle
{/0 cormand packet.

4, Examples of Particular Coantirollers

a. 1SBC 201 (Sinele Density “DS)
Tne 1SBC 221, as cescribed in Ret. 7, 1¢ tre
controller/intartace tor INTEL”s INTELLEC “DS &e¢, ar S¢si
processor based microcomputer deveLopment system.

(1) 1S BC 291 Controller Operaticn. The

coantroller 1is compos®d of two circuit boards, & cnannél
»2ard and an intartace board. They intertar~e witnh 1tne host
processor via tne system MULTIBUS, a system”s tus usea by
INTEL Corporation. The channel toara aad intertaze btoard
togetner ndndle ail communications tetwesn tne nost TPU and
the diskett2 systam. They rcontain an E-bit nmirrsproeramrad
processor wnicn can access system memory for obtaining
cnannel commands via DMA. The controller alse nmonitors the
4isk subsystem status ana error conditions apc mexes taeir
status availaple to the nost CPU,

Tnls diskette system recoras ddata °©oy 1i1nae
Frequency M“odulation (FY) metnoa, giving a formatted €
diskette capaclity of approximately 256X brtes, aivizea 1into

7?7 tracgs of 2% sectors each.
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Functionally, tne nost CPU rust create a
~ommand packet 1n remory ror eaecn operation. INTEL calls
tais packet an [/0 Parameter Elock (I0PB). An IOFE 1s ten
bytes in lergtnar and specifies ali tae 3d1etaills c¢c¢ tae
1iskette operation to te pertormed. The CPU, in tne rase of
CP/M-86, tnrougn the BINS mocule, senas tne aadress of tae
ICPB to the controller. Then the controiler egains ~cntrol of
the bdus, retriesves tne IOPB and execut2s tae comrang. Upca
completion the controller posts th2 disgetle sutsystam
status ani, if =nabled by tne IOPB, senrnds a ccmnietien
interrupt to the host CPU., The irtormation in the IOPR
consists ctf:

dyte 1 = the cnannoel word, this tyt2 speciries the
2nabling ot tnhe locg override, random foarmat
ot tne lock override, randaom format seyuence,
interrupt control, data word leastn, Successor
bit, branch on wait ana wait oits.

Byte 2 - specifies tne drive selectec, cata lengta (2
or 15 pits/wora) and the operation to be
pertormel.

Byte ¥ -~ specitries tne numner of sectors to te
transterred.

3yte 4 - specifies tne target track numoer (#-77).

(3]
|

Byte specitries the trirst sector to be accessed {1-
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Byte & = specities tne ieast sigrificant byte of 1tne
butrter aidress.

8yte 7 - specifies tne most signitricant byte ot tane
butrfer airess.

Byte & - indicates a block number wnicn allows & unigue
identification of an IJPE 1uring linxed IOPB
operations.

Byte 9 - contains tne least sigrificant byte c¢f tae
buttrer address o0f tne next lingked IOFB,

Byte 1¢ - contains the most significant byte of tne

burfer aidress o0t the next linked I10PK,

Tne iSBC 221 can execute seven ~ommards:
1) recalivbrate (seex track ¥)
2) seex
3) ftormat a track
4) write data (without adiress marxs)
5) write data
5) read data

7) verify CRC

The controlier aas seven refisters tnéat are
accessibdle to tne nost CPU. Tne host CPYJ can reac tnree of
tne registers: Tne Result Status register indicatves tne
status of both 4rives (reaay or not readay), tae status of
tne comtroller tor that 4drive (present or not present), and

tne status of the controller’s 4interrupt ¢tlip-fiop
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(interruot pendinez or completed). The Result Type regisiar
ingicares wneraer tne 2esult 2vte register coatairs 170
arror codes or ready status. The Result 2vte nolds 1tne I/0
error codes or disgetrve arive status. The ao0st CPUY can write
to  tour ot the <ontroller’s reeisters: #ritine anytniae to
tne Reset Diskette System register resets tne entire
1iskette subsystem. dAritine to tne Stop Diskette Cperatice
register terminates I/0 atter completion of the current
operation. The Memory Address Lower ragister receives the
least siznificant byte of the address of tne IJPB. Tne
“emory Address Upper reegister receives tne mest sieniticant
tyte ot tne IOPR aidress and when written iato signale tne
montroller to retrieve the IOP2 and commence the specitied
operation.

(2) 3I0S Ose of tne iSBC 2¢1. Tae CP/M-86 EICS

vses only operations 1, 9 ana 5 (seex is implicit in read
and write operations). In aeaition, CP/v-B6 10°s nct use
linked IOPE"s and only doecs single s2ctor diskx accesces,
Tnis very muca siTplifies tae 1/0 routines in tze EDOS ara
tne BIOS. Not wucine tne linked ICPE czapability atlows
reaucing the IOPBs to tae Yirst seven tytes, of wnica bhytes
1 and 3 remain constant. Byte OUne remains unchangea tecause
the mode of disk access remains unchanged. Byte Taree, 1tne
nunter of sectors, remains set at one, and tne sperating

system is freei from computing tne number of sectors per




3~zess, Thesa sirpliri-~ations allow tre BIOS (¢ nave a

<inesle [DPR template in memoryv.

wn
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[ep]
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I
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8 liritatioczn oY the i
adiressing., Tnic limitation means tnat tne <coatroiler can
orly address 94K of system memory as coempares e tne £¢RS

’

DrHCessor s mezatvte o9¢ address Space, Ls & T2erlit, ln€
external ad4r2ss of tne 13BC 25/1< rust resice in tne rirst
54 ot tne megabyte (#from ¢Lleé¢FE 1o (FFFFEY, Tne 2I0% 1n
tnis adaptation convarts tz2 segment ang ot¥sst acaAress
proviied by the EDOS into a 1€-bit pnysical address for the

ccntroller.,

(2) Bootstrap Use of tne iSBC 2(¢1. The 2CO0TtsSTrad

program d4do0es use tae multi-sector access capatility »f tae
controller for lcaiing tne cold start fcader. Tais reguires
tour IOPEs 1in tne tootistrap prosram tut reduces TnRe numter
¢ disk accessa2s tfrom 53 1o four. Consigsrine tne
specializec function of tne tootstrap io&der and 1ts tacz of
interface wita the 200S, thnis is a very eftficisnt deviatinn
from the otnerwise etfficient CP/M metnoac or 21s¥x &ccess.
b, 1SEC 222 (Double [ensity MDS)
Tne iSEC 2¢2 1s tne controiler/interrace or

INTEL"s INTELLEC MDS 888 microcomputer cevelopment

L]

ysten,
It is describved fully in Retf. &,

(1) 1SBC 222 Controller Operation. X¥rcm tne

usars point or view this controiler is essentially tne sarme

as the i1SBC 221, Tne main ditference is the recording

e A A L T . b,
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*orrat. M“eiiried-Modiried Frequency “Moaulation (MMEMY g
use1, allowirg tae same m2c¢ia to acle (tormatiten) 5124 ryres

oY data, divided iato 77 tracks of 52 sectors each. Tnis is

[ ]

twice tne ca2pacity of tne sinzle tensity system.

(2) BICS Yse ot tne iSEC 2¢2. Tzne interréace 1o

tne controller is trne same as taat of tne iS3C k21, Tre
dit¥erence in orzanization and capacitvy is oniy eviaent in
tne aisk definition taole "DOUELE.LIRB".

(2) Bnotstran (Use ot tne 1$sC 2¢2. CP/™’s asutle

Zensity formatter formats tne first two tracks of a 2isKette
in sinegle density, ie. 26 sectors per tra~k. The ~0ll1 start
loader fits 1in tae first two tracks of a double censity irn
the same way as in sinele density. 4s a result, the sare
nootstrap program will load taer cold start loader frorm o2oth
single and double density diskettes.
c. REMEX RDY 32¢9

Tr> RDW 3220, ac described by Ret. 9, 32, 1¢
and Ret., 11, 1s a multi drive unit consisting ot a *fireg
Wincnester Tecanology 14" disx and two £° fleaxible diskette
4rives. Tne diskette drives are ~jumper’ selected as eitnher
single or doubdie density. In bota types the sector size is
selectatle, Tne formatted capacity nof tne fixecd diskx witn
sector size set at 122 tytes 1s 10 megapytes. This 2ata is
on 21¢ tracks of 124 <cectors tor each of twn read/write
neads. Tae single density floppy drives, formatted <for 1«8

bytes per sector, nold 26 sectors on eacn of 77 tracks for a
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total of 285K bytes of storage, Set tor aouble dernsity, tae
smillest sector size avallaoies is 256 sytes. At 26 s27t0rs
per track, for 77 tracks, formatted storage is S124 vytres,
[r tnis drive were usei for CP/M-26 in tne doudle <2easity
mode, the daiffterence between dis<ette sector size (2854
sytes) and CP/M-86 sector size {(12¢ rytes) would 2e racdled
hy a blocking/deplocking” algzoritnm iike tne one proviced
with CP/M=-25,

(1) Tne ®=DW Controlier. Tne neart of tne

coatroller is 3 misroproegrammed Motorola SEZ¢ e-tit
microprocessor. The controller pavsically resides insize tne
RCAd frame and is link=sd to the host syst2am by an iatertace
cird., This aiteration utiiizeq a MULIIEUS intverface, wnicn
resided in the nost’s system MULTIEUS. Thne interra-e
nrovides registers for communication between tae nost arnd
tne controller CPU’s. Cata can pe nandled as =-til woras,
15-bit words or as H=-pit a3if-words. Tn2 contrclier car
a~complisn I/0 by [MA, vproerammed [/C or by iaterrupts. All
1isk writes are oy Moditied-“Moditied Frequency Moduilarion
(vMFM), The disk 4rive system caz also be LMA throtilaa,
wnicn permits otner masters to zain access to tne system’s
pus in between accesses by the disx uznitc.

Functionally, tne aost CPU must create a
~ommand packet in memory tor eacn operation. A command
packet is six to fourteen bdytes in lengtnh and specities ail

the details ot the disk operation to ve pertormed. Ia tre
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! D¥A moze ta2 20st CPU must test tne status register in tie
controller interrace to assure that the ~ontroll=3r is ready,.

WYnen the controllier 1is ready tae CPY, in tne case cf

CP/M-E6, throuen the EIOS roiule, sends the address of 1ire

cemmand pacfet 10 tae coLtroller intertace. Then Tthe

~ontroller gzains ~ontrol ot tne bus, ratrieves the ~emmand

packet ard eoxecutes the command. Jpon completiom, tae

controller posts the disg subsystem status iz the comrand

nacget 1in system memory dna, 1t enabtlea by trce commarnd

packet, sends 3 completion interrupt to tae rost CPU., Tne

command packetr consists ot <six to tourteen btries, Tails

soatroller supports tive types »t operations. The size c¢¥

tne packet ank tae information it contains are deteérminen by

; the operaticn to0 de pertformeda. Tane tive operations supportea
| are:

1) read data/write zata

2) write I.D. andi data for sinela record

(rixed d4isx onlv)

2) copy trom one drive to another
4) tormat designatea disk

5) maintenance package

Tne controller nas tour regisiers tn&t are

. accessible to tne nost CPU. The opase aadress of these

registers is switcn selectabie. Tne vase address plus one is

tne status register, from wnicn tne nost CPU 2Zetermines

e e e g e y——
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system status. Tne pase address plus taree receives

lewer ryte of tne aidress c¢f tae command packket. Tae tras

D

dilaress nius two receives tne middie byte of tae <command
packet address. Tne pase ag¢dress receives tiae upjler nyi= of
tne packet aadress {(ELW 32¢¢ suppnarts 24-bitv azdrescsins) and
wnen written into signals tne controller to starty DMA.

{2) BIOS Use of tne RDW 22u¢. Trze CF/M-£FR EICS

would use only tne read/write operation. Tze Yact tnet tze
narda disk nhas more than one nedad wonld require thaay trne £K10S
disk definition tavle look like one continucus s2t of trac<s
and that prior to iaitiatine DMA, tne BIOS translate a
logical track numper to a physicali neaa ard track numbter,
Tne read and write packets 2ave tne same formar wazcn
requires only one packet templat2 in tae 3I0S. Taat pacxet
tages tne followine torm; indicated as 16-bit words:

Yord4 2 - I/0 moiifiers (liaxgea l/0,interrupts,etc..,

operation and arive selected.

Word 1 = status word = written by controller,

Yord 2 - tracg cumper.

Word 3 - a1ead and secter start pumber.

Word 4 - lower 16 bits ot DMA address.

Word 5 - aign byte of UMA acdaress.

dord 6 - transter word counat.

Althougn the ?DW supports 24-0it

addressineg, it requires 31 24-bit physical 2ddress, not the

w
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segmeat and offser tType aadaress oproviaee tv tne BLOS,
Theretore the BI0S must translate the adiresses Gtetore
placing tnem in tne commana racgket andg terore senzine tnem

to tre tnterface.

(3) Bootstrap Use ot thae PRD4 3kgs. Trhe

pootstrap program would us2 the nMuiti-sectcer aCccess
capadbility otr the coatroller for loddine tnhe ccle stary
loader (tae command packet specities tne numrter of woris
to be transterred)., It tnhe operating syster were to te
loaded from a2 diskette, the bootstrap operation would tce
very much ligke that described ¢tor tne iSBC 2¢1. For a
system load from the narda disg tne poctstrap »ragram could
load the operating system witaout the use of a cold start
loader., Tnis would only require two disk accesses, ore to

ietermine the load location and the other to aottvally load

” "
CPM,SYS




I7. ALTSRATION OF CP/M-86

4, CHANGES REQUIRED TO IMPLEMENT CP/M-"€

As distributei, CP/M-%6 1S set up tor operatior witn an
Intel SBC 85/12 microcomputer ana an Intel SEC 274 4d1cgette
controller with a Shugart SA-2¢¢ rlodpy disk arive. Sirn-e
CP/M=-86 is modular, onlv tne BIOS neea be modiriec ror ‘rer
standard” hariware. The distribution version in~ludes source
code ftor 1te BIOS and a sgeletal BIJS to aid in tne
construction ot 23 rustomized version. Altzouen the
distribution version does not provide a bootstrap ROM, tae
source code tor the program is provided. Tnis source co1e
provided an examplie for tne creation of a customized
pootstrap proeram. The obootstrap 3I0OM is available tfrom
Digital Researcsn.

The cnanges required to customize the BICS ~an be
dividead into four types. Tne first <consideration 1is tre
computer selected for the implementation., If an EgE6/S¢:E
bised computer atner than tae 1SBC 86/12 were cnosen, tne
conputer initialization, including the constant caetiritions
tor USART ports and character I/0 routines such as console
status, console input and console output, nave to be cnanged

t0 match the nost nardware, Since the i1SBC E5/12 was used,

C

>
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no changes were required ia tnis portion of tae BID

Second, ¢ the disk irive controllef or otner DMA devine is




not an i1SBC 204, tne controller port definitions ard tne

routines wnicn actually communicate witn tne controller must
pe altered. The “exescute” and "sendcom’ routines were tre
bulg ot tne moditication. Tnese routines cneck system
status, transliate system commands tc the fangueze of tze
sontroller, deliver the cormands to the rardware ard nandle
any nardware eorrors. Taird, if any otner serial c¢r parallel
1/0 device is to be us=sd, the appropriate initialization and
execution routines must be written. The fourth consiceraticn
is the disk detrinition table which is assembled witr tne
BIJS via an “include” statement. Disk parameter tactles must
be created to Adescripve the disk system, Diskx oparameter
taples are discussed 1in tne next section. In tnis versisn
only the second and tourth types ot modifications were
necessary and. tnose cnanges a4are reflecteda iz ippendix A
(single density) and Appendix B (double density’. Apperndix D
contalns tne distrioutinn BIOS. After assembling tne RICS,
the nexadecimal code, "BIOS.HSS8", is appended to ~CEM, Esg”
and @ command file is generated by tae metnod descriped 1ir
Ret. 6 usine the GENCMD utility. The tile rreated i{s zared

"CPM.SYS" ana is tne operating system.

B. DISK PARAMETER TABLES
The disk parameter tabple serves to derine the
oreanization of the storage media ¢Yor the BILOS +*ile

managenent functions. Tne disk aefinition corsists of 1iae

——
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seguence ot statements 1a Figure 6 (as snown in Ret. 6!, Tne
DISKS statement dofipes tne number of Zrives in the syster,
witn a1 peine an integer trom 1 to 1l€. A series ot TDISKDEF
statements follow. Eacn statement 22¥ines tne
cpnaracteristics of a logical disk, ¢ tnrousgn n-1. CTISKI&EF
statements are formed as defined in Ret, 5, The ¢ormat is

snown in Figure 7.

DISKS n
DISKDEF e'-o.
DISKDEF 1,...
DISEDEF n-1

ENDEF

Fieure 8 BRBIOS Disk Derinition File.

DISXDEF dn,fsc,lsc,{skf),pls,dks,dir,cks,ots, (¢!

wnere
dn is tne logical disk aumper, ¢ to n-1

tsec is the tirst prnysical sector numder (¢ or 1)
lsc is tne last sector number

sk? is tne optional skew factor

pls is the data allocation block size

dKs 1s the disk size in bis units

air s tne number of girectery eniries

2KS is the number ot rchecksed dirsctory eniriaes
ofts is tnhe track otrfset ta logical track ««

(@] i1s an opticnal 1.4 compatinrility flag

Fieure 7?7 DISKDEF Statement Format.

Tnhe disk tables may be eenerated by hrand or oy exe-~utine

tne GENDEF utilitvy proeram, Tne tatle proviied with tne




distritution version, cailed “SINGLES.LIB", was generates
tram tne source tile "SINGLES.DEF™ ty tne GENDEF urtility
runnine urder CP/M-8¢. Tais table was correct for ine sirgle
deasity implementatinn. It was necessary ta create a new
,tanle for tae z2ouole density system. Tals file 1s called
‘DOUBLE.DEF. Tapie generation 1is descricea rully 1n Sectinn 6
of Ref. 5. Tne disk parameter taobles are listeaq 1ir tne BIJS
rignt after tne “incluie” statement (see Appencices A ard

B).

C. CGCLD START

1. Tnhe Cold Start Loader

Since CP/M-86 is to0 iaree to fit in the rirst two
(systemn) tracgs ot a diskette, it is loaied into memnory in
two St ps. First, 31 ~cola start Loader is loaded frcm the
tirst two tracks into memory. Next ire loader loacs ane
operating system and tranpsters control to it. The loaaer
("LOADER.CMD") is a simpliried version ot CP/M-£€ wita
enougn power 10 locate the operating system tite CFv.SYS”
on the curreat disk, make tne proper 1initiaiizations, losd
CP/M-86 into memory ani then transter program control to it.
Tne loader {is created trom files LDCPM, IDBDOS ara tne
loader version of tne BIOS. The 1lcader EIOS {s egenerated
from tne sane source code as the BIJS ¢ty setting tne

sortware switzn ~LCADER_BICS" =equal to true oprior 1o

assembly.




The loader prcgram is Ttoved 1o tne trirst two tracks of a

1isxette by tne LDCOPY wutility it ruanine on 3 worwxinze
CP/v-36 system. [t deveiopement is done on a CP/¥-2¢2 svstem

this can be accomplisned with the DDT anda SYSGEN utilities.

D

Ref. 6 errs in its discription of tne lLatter procerdure, Tn
~orrect procedurs is describedq in the aext cnapter.

2. Tne Bootstrap ROM

In order to get tne cald start loader istc merory,
tnere nust be 2 boolstrap loager of some xial., Tnis toot
loader must initialize the prosrammaple chips cn tne single
poard computer and tne aisg arive controller woich wiitl
acsess the operatineg sSyster 1isk. It then loads the tirst
two trdacks of tne aiskette in tne system disk drive 1iato
memory and then transters control to the prozram [oaded,
“LUADER.CMD". Tne bootstrap program is normally recident i1
a read only memory (20M) or electrically proegrarmatis O™
(EPROM) ana is tnen referenced to as tne toot EOM,

Tre 4istribution version ot CP/M-86 also <contains
tne listipg for a ctootstrap RC™ (3JIM.,486). Tre toot ROM
itselt is avallable trom Dieital Researecrn. When iastalled,
it Dbecomes part of the H¢¥H86 adaress space, Upen system
reset, the processor begins execution at ettreciive address
QFFoVYE, wnich is the top pdaragrapn ot tne 1SBC =E6/12 XPRIOM
spice, The bootstrap program is nardware dependert which
necessitated tne creation 2f a customized initial loaaer for

this implementation.




el o

Intal’s SEC 297 Execution Venicle “onitor (ZV™)
gccunies tne EPROM locations wnen 1nstalled 12 tae 18ZC
=6/12 and 1s curreatlir tn uyse at tne Navali FPoctezracauete
Scnool. In ordier to retain tnae use o tne 1SBC 987 anz ¢
sinplity 1implsnentatrion, tne customized toolstrap prasream

~3s been embedded in a rree aresy of tne %V ¢ EPROvs, Sin-

tne monitor iritializes tne single toard camputer when 1t 1is
started, tze CP/M-&6 DboOotstrap tasx is simplities, Tne
tootstrap proeram listing 1s irn Appendix C. It 1s & mocdairied
version of tne "debug" version of Digital 3Zessar~a’s 3ICH
progran, Tae moditiel cpootstrap program is located at
eftective aidress ZFFD4@¥, It may te executed frer trhe 3ITV

by executing tne commana GF¥D4:2 or 1ts =quivalent.




V. CONCLUSIOMS AND RECOMMENDATICNS

8. ADAPTATION DIFFICULTY
Moditrication or CP/M~Fo is a straisntforward simple
pracedqure i¥ one 1is famiilar witn CP/M on & svstem’s
sortware level and witn 2t 1least Some representative
nardware, 1t one dees not ndve sycn 2 tacgLround (yne d&pgnor
411 a0t), the task is 1not overwnelminz, obout sonsiderabdly
more 4difficult. Tne novice will protatiy invest muca time
and etftort in investisating “dead ends  tecause o0r not
understanding tne logical desizn o!f tne operating systiem. &
particularly vexine probdlem encountered in the tirste
aiaptation was that in tne later stages nf developmert,
every error in the corre~ted sortware seemed t0 4estroy tne
information on the disgerte, nmagking decugeing dir¥icult ana
requiring frequent reseneration of sotftware, During teis
period of “iestructive testing  approximatelr 3¢ of tne
tine and eftfort were spent on suca overhead and onaly 1l¢% on
actual adebuesine., Tne real probdlem tnere was not tne tine
lost put the interruption in tne train of tnousnt.
Pocumentation 1inadequacies are anotner source o¢
protiems. Thne alteration guide for CP/M-&6 oprevidea ny
- Pigital Researcn {(Ret. 6) assumea a thorougn Knowlecge ot
K CP/4-8¢, wnicn was not possess=2d Dy tne autnor. Tne CP/vV-£¢

documentdtion also seemned to assume & tnorouxn «nowlecge of
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the operatine system’s moduies. Ian acdition, irere were
ceyeral Brrors 1n tan2 alreratisn ~fuide,

Tane proceaure for moving tae celaz starst LoazieT 1o trac«s
zero ana one vpnder CP/v-2¢ is iacorrect and it tollcocwee tae
#irst 8¢JE byt2s of tae proerar will be lost. & ~aorvect
procedqure is to load tn2 coia start loader witn LUDT, maove
the  program so that it starts it S4@E, exit DDT ang rinally
call the SYSGEN utiiity. 4 correct seguence of commanas
looks like tnis:

PDT LOADSR.CMD
nm1149,18¢890,19¢9
magv,1170¢,1272¢
negE ,ale,cli
n199,449,9¢¢
{CONTROL-C>
SYSGEN

<CR>

E

<CR>

Tne dccumentation °for tne 3¢s5 assemblers, ASMe6.004"
and "ASvB5.CMD” also coataias errors. Accorains tn  tae
user’s manual, [Ref. 2], tne "device switch for tne listing
device is "P°, Tne correct switcn 1s Y .

Thne tecnnical manuals providec with tae disk arives arg

rontrollers used rather amoiguous and non standariizag
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terns. Tnis often required experimentation 1o cdetermine wnat

was really reant.
Resolution ofr the above ditrticulties, however, was a

good learning experiernce for tae autaor.

b. RECOMMENTDATIONS FQR FUTURE ZARD DISKX ADDITION
1. Discussion

Altnhouen there are several metnhoi1s ot accomrplisnine
aisg I1/0, ULUMA seems to be the simplest to implement and
debug. A tuture hardi disk 3ddition would eareatly enhance
CP/M-86°s usefulness. In thnls vein, & nard aisk/rloppy disk
combination would be ideal. The <combination ot hara arnd
fioppy disks would provide tne speed ara stordage cepacity on
one 1and (from tne nard d4isZ) ana tae ability fcr the user
to keep copies ot nis riles where he Is assured ot zreir
securitvy and integrity. However, inclusion ot tpne iSEC 2¢1
or 222 is not recommended. The limited addressine ~apartility
of tnese coatrolliers would ninder averall system
ertentiveness and torce the (Proc~essor 1o operate in the
pottom 64K o972 tne adaress space. As & rule of thump, 1t mcre

than one devire is to vte added to the vasic system, 01ly oOie

device snould be adaed at 3 vime.

2. Template tor Adaptation

Given that & hard disk 1s to be installed 1in place
; of the diskette system, tne following procedure snculd bne

followed:




o

First, tae CP/M-85 BIOS saoulz bde stucien in
conjunction wWlta tne  current nérawdre 1o <ee now tne
interface is currently accomplisned. Tne system moaitier r
must understana now tne operating syetem interacts wizn
nardware pefore creating nis own interface. Serond, the
target nariware mMust  te  stuliec, Tne elect-onlce are not
important, but wnat tae nardware dces (ozically and acw 1t
communicates with tae controllnr is paramount, In
varticular, ta2 organizaticn of data on a2 disxz arive musrt tre
thorouenly understood. It the oreanization ofr data {5
selectabdle, tae most efficiant ard straightfnrward

organization must be ~nosen. If it is not selectatle 3nd nct

directly compatible witn tne BDOS, a rclocking/zeblocxing’
or some other scneme must be ~considered. Thira, 3 disk
derfinition must be written to reflacet the ilnazical
oreanization of the disk. It the loei~al oreanization ct
data does not matcn its pnysical »sreanization, tne executine
routine in the BIOS wculd nave tc make the transiation. TFer
exanple, 1in a multi nead disx system, the tracks woulcd nave
to be numbered in tne 1isk definition as taough taey were ¢n

tne same platter (logical org.), tae BIL0S would <celect &

R O oS

sector and & loegical” track for [/0, but before sending tne
cnannel commandi tne BIOS would nave translate taat logical”
track number to & nhead and tvrack cometination. Fourtn, a
tenmplate for the cnannel command should be Dvlaced in tre

BIOS with appropriatea wvariable nares to allcw the ETOS to
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, provide as muca informatior airectly as possihle. ZFitrtn,
write tne “execute’ routine. Taic routine, tne dulk of tne

rodineg, must complete tne cnannel command, prepare the dick

ror access, send the activatine ~ommand, check completion
status and aanile nardware errors. This step requires a gocd
gknowledege ot the tareet disk system an is wvery musnh
4ependent on the disk chosen, Sizxtn, once tne revises BIOS
is written, it must be assembled (irn the loader versiorn tos,
if tootineg trom a floppy disk). The ftiles '~CP™.HSE,
"BIOS.H86" and "PAT2.HE6" are combined into "CPMZ,EE8", Tris
resulting file is converted to executable forr by executing i
the command "GENCMD CPMX 2¢8¢[{A44¢]” as describded in Re¥. 35,

The resulting file is tnen renamed CPM.SYS™.

The bootstrap prozram will te very simple, It can te ?
written to explicitly read the fiTst sector of tre disk, tc
determine the 1lo0ading target address, and to read tine
following 76 (128 byte) sectors. Once tze BIOS nas been
moiitied, the bootstrap progran willi bde almost & trivial

subset of taat code.
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APPENDIX &

title “Customize1 Basic I/0 System’

;**F*****¥¥¥*¥8*****************#****#********

A *
7* Thnis Customized EIOS adapts CP/¥M-%6 to *
i1* tne tollowing nardware conriguration *
t S Processor: 1iSBC Bb6lz ¥
{ i Controller: iSEC 2¢1 3#
' Ha vemory model: RYs¥ *
i ;m X
t ' ¥ Programmer: M.B. Caaaalor =
1 HE Revisions : »
;fv‘ *®

;**8*¥*¥¥¥¥¥3*#¥*¥¥*¥*¥¥*¥4*¥8¥*8*************

' true equ -1
false 2qu not true
cr aqu @dh jcarriage return
Lt 2qu ¢an jline teed
max_retries aqu 12 jfor aisg i/0, betore perm error

;**¥*$¥8¥R¢¥33*#***#**#****3#*8!***********#**
MR
?
y¥ Loader_blos is true if assemoling tne
y* LOACER BICS, otherwise BIOS is for tna2
| 3® CPM,.87S file.

M

# # %K

L+

;********‘***********##*****************4*****

! LOADER_BIOS EQU TRUE
pdos_int equ 22¢ jreserveda EDOS interrupt
IF not iocader_bdins
bios_code equ 25¢¢n
ccp_offset equ ¥29¢n
p10S_otst aqu ¢B¢€n jBDOS entry point

ENDIF jnot loader_bios

IF loager_bilos
; L - ——— - o - ———
i i
pios_code equ 12é¥n jstart ot LDBICS
ccp_offset equ ¢@¥sn jpbase of CPMLOADER
pdos_orst 2qu ¢4¢6n jstripped BDCS entry
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i

ENTIF s loader_bios

-e we

cstls equ ¥1an + 12251 status port
4313 2Qu ¥4dEn ’ 1313

T EE XK HE TR 3K RCXE AR 3K A XK AKX HE AT 3L A 2K 3K AX RL 36 X0 AL L AX R AR AR 3K K K XL AL LI KL KGRI R IR IR
k73 L
* INTEL {SEC 201 Disk Contrciler Ports -

= 38 |
o & 3 XE X XE XL XL KO 30 IR 3R IK 3K AEHE NG FL XL AK FK 3K XK R K 38 M XK HE I I 5K KT RS FAI SR KEK LRI IR TR 7

“s We we WL we we ey

Dise agu ¢£7?2n
riype equ pase+1
royte eyu pase+s
reset 2qu base+7
astat equ basge
ilow ayu pase+l
inien equ pase+2d

ceseg

org ccpotfset
cepe

ore bios_coae

3

;$¥ REAEAIRBRIREIERANBIRE AR R RB R MR NIRRT AR I ae
3 * ®
7* 8I0S Jump Vector for Individual Routines *
i . 4
;%

R 2 76 XT3 X 3K XK AX A XK AR K 56K T 0 KR AK KSR I R KR R AR A A K TR IR IR KRR

jmop INIT ;jZater from 200T ROM or LOALER
jnp WBOOT sArrive nhere trom ZDCS call ¢

' Jnp CONST jreturn consol2 geypoard status
jnp CONIN yrevurn console <eyopoari char
jmop CCNOUT swrite char (o0 console device
inp LISTOUT swrite cnaracter to list device
Jmp PINCH ywrite cnaracter to punca davice ]
jnp READER ireturn char trom reader device
jnp HOME ymove to trx ¢¢ on cur sel arive
Jnp SELDSK iselect dis« for rext rda/write
Jrp SETTRK iset track tor next ri/write
Jnp SETSKC iset sector for next ra/write
jnp SiTLMA jset otfset tor user cut? (DMp)
Jnp READ iread a 1<B pvyte sector
jnp WRITE swrite a 12& byte sectior
Jnp LISTST jreturn list status




Jrp SECTRAN yxlate loeical->prnysical sertor

Jnp SETDwAr jset seg pase for cturs (DMa)

jnp GETSEGT ireturn ortset or “em D2sc Taoile
jnp GETICEF sreturn I/0 map oyte (IC2YTE)
jnp SETIOLF jcet 1/0 map ovte (IOEYTE)

§ FH IR RAIN RN 53 A A0SR0 I8 26 B0 A8 AR A K000 3 DE K3 A 0 48 R 30 W A R 38 5 B3 53 9 o e 30

HE] *
;% INIT Entry Point, Differs tor LDFIOS and =

3y* EIOS, accorting to Lcaaer_PBilos value ha

;4 =

'

X XE 58 R K6 K0 X2 XK 3 A AE AR R IR 530 KK AR HE AKX AR K6 XE KO H A XK N6 XEHC K 3 A 3 A KM 3¢

2
il

INIT: yprint signon message and initvialize narcware

MOV &X,CS ywe enterea witn a _MPF so use
MOV SS,ax +1CS: as tae initial value of §
mov dS,ax yDS e,

mov 29s,ax sand ES:

sus2 local stack during 1nitiailization
moVv Sp.ottsetl StTEKDaSe
cla is2t torward airection

Ir not loader_010s

|
!
s Tnis is a BIJS tor tne CPM,SYS file.
7y S2tup all iaterrupt vectors in low
y memory to address trap

-e we

ousa 4s 1save tae DS register
mov [UBYTE,¢ sclear IOEYTE

mov ax,®

mov d4%,ax

mov es,ax 1set £S5 ana L[S to zero

+setup interrupt ¢ to adaress irap routinz
mov inté_otrset,ortset int_trap
mov int¥_segment,CS

mov di,é
mov Si,¢ ythen propagate
nmov C€x,519 1trap vector tn

rep movs ax,ax salill 255 interrupts

s BDOS otfrsetv to proper interrupt

mov bdos_otrtset,bdos_otst

pop 4s srestore tne DS register

{additional CP/M-£6 initiatization)

-s we we

ENDIF snot loader_vios

IF loader_oios

<

2




YR 1Y

yTnis is a BIOS reor tre LOALER
push as 153ve 4313 Se
MOV ax,d
mcv ds,ax yJo1nt to sezment zerc
3} BD0S interrupt orrser
MOV tdos_Oftsetr,pao0s_otst
mev pios_segmernt,CS j0d0Ss 1nterrupt segmert
; (additional LOADER iaitiziization®
pop as ;restore aate segment

INDIF yloader_vios

-e ‘@e

mov bx,ortset sienon

call pmnsg yDTint signon message
mov cl,¥ jaefault To ar A: on coldstare
jmp ccp sJump to cold start eatry ot CCP
X800T: jmnp ccp+8 sdirecy eatry to CCP at commanc level
IF not ioader_tios
; _______ ——— -
3 i
int_trap:
cii ytlocgx inverrupts
mov ax,Cs
mov 1S,4ax 1get our 4ata segrent
mov ox,oftfset int_1irp
call pmsz
nlt irardstop

t
! |

we ws

ENCIF ynot lcader_blos

FEXE 5K IX XE IR 2% XE KT R X 2K 20 3L (R XX 3K A XL AX 2 703 T X KK I K HOAX XX 3L R FK AL & 5% X XL HE XL XK
xw xR
CP/M Cnaracter I/0 Intertace Routines ®

£

console is USART (12251A4) on 1iSEC 28612 #*

e WE WE We We wh w4y
o X

# at ports D&/DA *
52K 3R XE 3K XE IR KW XK KT RE JE AR A ACRC 50 XX 34 A0 R 58 A0 RORE NC 2K 2L IK XX A KOAE 36 AL A RE R TR SC ROIWAREL
CONST: snsonsole status

ir ai,csts

and ai,z2

jz const_ret

or 3:,25% ;return non~-2ero it raa
ronst_ret:

ret ITCVr data aeavailanle

.l e

Al L 2R TR LT T i ey




20N IN:
s3]l CONST
jz CONIN
in 3aj,cdata
and al,?tn
rey

JINJUT:
in al,csts
and at,1l
jz CONOUT

; mov al,zl

out ciata,al

ret

LISTOUT:

LISTST:

PUNCH:

PEADER:
mov al,lan
ret

GETIOBF:
M2Y AL,¢
rey

SETIOBF:
ret

$ 2outine to 2ot and
3 andi saitrt it

ucopecno:
call CONIN
pusa ax
mov cl,al
' call CONOUT
pop ax |
cmp al, 3
jbo uret
emp aL,‘z”
Ja uret

’

‘IIIHiEIIIIIlI.lIIIlIIIIlII.-..lIIIIIIIIllIIIII.-.---uz;i::z:tmwﬁvﬂu-

jconsole input
ywait for KPa&

iread data S remove parity riv

iconsole ocutput

rget console status

jrransmitter turfer is emrply
ytaen return data

slist device output
snot imnplementec

spoly list status
ynot inplementea

iwrite punchn device

fnot implementea

ir2turn 0t ror now

$IOBYITE NOT IMPLEMENTZD

tlooyte not implemented

ecno a console character
t0 upper case

1281 4 Console cnaracter
15ave and
s2cno to console

’

jless tnan ‘a’ i{s ok

jereater tnan “z” is ok
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sub al,’a’="A" jelse saift to caps
uret:

rat
pnse:

mev al, |BX] $22T7 nert Cnar from mecsage

test al,al

jz return j1f zero return

mov CL,AL

call CONOUT yoriat it

inc BX

jmps prsg yN2XT cnaracter aand 190>
; IR X X XE XX I8 23X X6 XK FE A XE 0 K AE KL X0 A IK HK XK 3X XE XL XL RC AR 76 X XE KE R X KX XK XK 2K X6 3% XX KK KE XK 3}
;’X R
¥ Dis& Input/Output Routines *
' ¥ ®

§ RO X0 R XE R0 0 HR K ROAK X2 TR AR R RO RORT RORE 3RS K 0 R0 TR A I % 000K AR K2 56 R IR 56 K ACIK

SELDSK: ss52iect disk given by register CL
ndisgs equ 2 jnumper of disgs (up to 18)

mov aisk,cl ysave dis£ numper

mov bX,E¢¢ih yreidy for error return

cmp cl,ndisiks yn beyond max disxs?

jnb return sreturn it so

mov ch,@ jdounle(n)

mov tx,CXx +0X = n

mov cl,4 iready tor ¥16

snl bx,cl fa =1 * 16

nov cx,otfset dpbase

ada bx,cx rdpbase + n ¥ 16
retura: ret ybx = .dpn

HOvE: ymove sejected disk o nome position (Track 2)
rmov io_com,homcom

nov trK,.d
call execute
ret

SETTRK: iset tracg address 2iven by CL

mov trk,CL
ret

! SETSEC: j;set sactor number given by cl
mov sect,CL
ret

SECTRAN: jtranslate sector CX usine tacie at [DX]

mov ¢cn,¥

mov bx,cx

add bx,dx yadd sector to tran table aidress
mov bi, [bx]) jget Logical sector

‘ 57




ret

SaTCMA:T jset V1 oftrset siver oy CX
mov ama _adr,CX
ret

SETCMAB: jsetv DMA segment siven by CX
mov dma_seg,CX
ret

H
GETSEGT: jreturn adaress o¢f pnysical memory tacie

mov tx,offset s2z_tarcle
rat

3 R X8 R R R0RE AF XX HEAC KK FERE 3K NE I 56 A8 RE FRIK T K KC 3 00 KE IR IX X XEHERE T MR IR AT AR

’

;55 o
¥ All 1is¢ I/0 parameters are setup! =
G DISK 1s d1sk numnter ?SELDS&) =
;% TRK is track number (SETTE) =
Ha SECT is sector numter {SETSEC) =#
V¥ DMA_ADR is tne UMA Llsb offset =
1* READ reads the selezted se~tor to th=a DMA®
3¥ address, and WRITE writes tae data from *
s tne DMA address to tne selected sector =
HE *
.

i

S0 R X8 IR KRR AC TR HO IR R TRAT 3K XK 30000 XA KK NS X6 X0 XK AN XS 4 K FK W HOH 3R A AR IR

RZAD:
mov cl,&
mov al,aisk tcombine di<x selection
sal al,ct switn opcode
or 2l,rd~so0ile
mov lo_com,al screate iogpt
Jnps execute

¥yRITE:
mov 7l &
mov al,aisk
sal al,cl
or 3l,wr-ode screate i0pb tor write
mov 1lo_com,al

LXECUTE:
outer_retry:

mov rtiry_cnt,méx_retries

retry:
in al,riype
ia al,royte
call sendcom

clear c9ntroller

"

ok

- e

Ay,

Ad



i1le: ywail ror

yreaqy

in al,1stat
and al,4

Jz tale

-
2
3
0
2

"

..... i1.0. corpletion ok
ia at,rtype

¢2 urnlingkeax i/0 complete
17 disk status cnaazed
must e a 4¥ in al

test al,l¢éo
JNZ #READY
QR AL,y

jrnz werror

-e e wo

cneck 1/0 error
in at.rtyte

rcl al,1

mov err _code,2@0n
Jo wready

rer al,l

mov err_cole,al
énd al,¢fen

jrz werror

Bits

-e

-y W

read or write is ok, al

reev
wready: jnot ready, treat as an
in ai{,rbyte

jnmps trycount

Jerror:

trysount:
dee
jnz
mov
nov

riry_cnt
retry
al,err_code
én.ff

mov pX,ax

mov bx,errtbl [EX]
call pmsg

in a{,cdata
~all uconecno
l cnp ail,“C

Je #boot_1

~mp al, ‘R’

Je suter_rertry
emp al, 1’

Je z _ret

or al,25%%

ret

scancel

| z_ret:

| 59

yreaqy statas cnange?

js0Me otner error,

yretry 1l¢ rore times

yienore error
iset coae Yor permanent error

~ompletioa

¢l linkez 1/0

cemyp
11 {not used)

retyry

sunitv not ready
jany natner errors?
contains «

2rror tor now
sclear result ryte

ireturn aardware maltunction

smake error code 16 bits
sprint appropriate message

sflusn usart

sread upper ~ase console chara~ter

receijver durfer

P el L R




WBo0T _1t ;23n’t make it w/ 3 snort leap
jmp WEOOT

o T BC XK R 4% 16 3K 46 X% A6 T AL A 0K KK A TR R AC A 3020 5K 30 ROI R KL KR KL AT T X0 R FE 30 A RO K R OF

P = ™ ?
;¥ sendcom sends tte address of thae i1odb to ¥ ;
P® tne 1SbC 2¢1 =
PR %®

,
;M¥¥¥¥¥F¥¥¥¥¥¥¥###¥¥*¥¥¥*¥$¥¥¥¥¥¥¥*#*#M*****#*“***

sendcom:
MOy CL,4
MOV AX,UMA_SKEG
SAL AX,CL
ALD AX,DMA_ADR
MOV IO_ADR,AX
MOV CL,4 k
MOVv AX,CS :
SAL AY,CL
ATD AX,OFFS®T CBANCMD ADD SEG & OFFSET FOR 2¢1
ocut ilow,al
mov <l ,€
sdr ax,cl
out inizn,al
ret

3 3 7 XK 2 0 30 X030 X0 XX 30 XX 2L A0 FXAL K XX R A0 R X R0 H0 R AT AR 3K R AL HEXT X AW I KX K3

i *
s LCata Areas =
LS x*
3 WA TEX KON FRKC A8 R0 KQ HEKE N RORE X8 A X8RS RK K6 HRTEHC R0 G SR KL TR HERE E A0 A 30 A G ARIRHE
1ata_ottrset equ otrset $

dseg

orsg iata_oftsat ycoatigucus with coce segment
IDBYTE db ¢
disk ab ¢ saiskg numoper
caancmd dbd g2¢n yiopb cnannel wora
io_com 4db 2
nsec db 1 ynunber sectors to xrer
tre db ]
sect db ¢ ystart sector
ID_ADR W Vool sPHYS ADDR FOR SBCZ¢1 USkE
dma_adr 4w ¢eg¢n  ;DMA adr (detault,
dama_seg dw € +DMA Base Segment

20v COM BQU
RDCODE EQU 4

€4




e

®Rd CODE LB ¢¢H
YRCODE EQU 8
IF loader_vios
’ - e —-—— -y e -—
HH i
siznon 4o cTL,lt,cr,lr
dt “CP/M-56 Version 1.2°,cr,L4t,¢
H '
; - ——— o S " = e - - -
ENDIF y loager_ti1os
IF 1ot loader_bios
;= —
e {
signon 4db cr,if,cr,tit
it "System Generated ¢4/28/81°
ab cr,lit,2
N H
; - -
ENDIF ynot loader_tins
int_trp db AT, 1Y
do ‘Interrupt Trap Halt’
db cr,lf,?
errtbl 4w er¢d,erl,er2,erd
dw 2r4 er5,er6,er?
dw ers8,er9,era,er3
iw erC,erD,erk,er?
dw 2rld,2r2v,erdald,erld
ord ab cr,lf, Nuil Error ?¢°,¢
erl ib er,lt, Deleted Record :7,¢
erz2 db cr,it, CRC Error :°,2
er3 db e¢r,lf,”Data Overrun-Underrun :°,@
ers¢ ae cr,lt, Seex Error :’,¢
ers equ er
ars equ =rgd
er”? equ er¢
ers dr ecr,lf, Adaress Error :7,¢
ery do cr 1lf, Write Protesct :7,¢
era de cr,lit,“ID CRC Error :%,¢
erB do cr,lt,’Write Error :7,0
erC do cr,lf, Sector Not Fouand :’,¢
erD equ er¢
orE i4d cr,if, No Address Marg :’,2
333 do er,l1t, Data Marg Error :’,¢
erld equ er3
ersy eyu er3
er4d equ erB
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’

erxsy ar cr,lt,’Drive Not Ready :7,¢

riry_cnt 4o ¢ sdisx error retry counter

' System Memory Seement Table

segtarle db 1 11 segments
dw tpa_sesg i1lst seg starts atter BIOS
dw tpa_len iand extends to ¢ELLE

includa2 singles.iib jsreac in disk detinitions

loc_stk rw 32 jlocal stack tor initialization
stkbase eyu offset $

lastott equ oftrset $
tpa_seg equ (lastoff+d4d9n+15) / 1£
tpa_len equ @F¢@n - tpa_seg

db ¢ still last address ror GENCMD
; ZRRL X K XX XK X N HE XX N <AL AL TEXRT R X AT RS 7K HE 30 R0 31X 7 AR AT A 20 XK XX A 3% X0 ROAK I8 X8 XX XKC XE 3K % (¢
S ®
A Pummy Data Section =
3= =
; SRR IESA XA XL AR K XX XC KX 3 KK 3X RUAE RE AL AR AL KL AE ACIE T XL IR XL XEAS AR BB AR L AT M IR SE LA AT X
dsee ¢ 1absolute low memory
org 2 ;(interrupt vectors)
intd_offset rw 1
intY_seazment TV 1
H pad to system call vector
T 2%(pdos_int~-1)
bd0s_ottset rw 1
bdos_seegment rw 1
END

rtry_cnt db ¢ ydisk error retry counter
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APPENDIX ¥

title “Custcmized Basic I/0 System’

H X6 3K X5 2 NK T XX K AL KX A T RE AL XA NE XL XL X8 XK KX RIK X 3L 5K X X XK AX AL AL 3R RC A0 2K A KK SR XK K AKX

;* x®
;¥ Tnis Customized BIDS adapts CP/M=-86 1o *
’* the followine haraware ~ontrieuration *
o Processor: 1SRBC w612 *
i Controiler: iSEC k22 w
) Mamory model: H@x{ *
il ®
3 = Programmer: M.B. Candalor *®
M Revisions ¢ %
= =

; ARG 25 3 N IR 3 2L KW ALK KX 3L KR A8 JEAE HL X0 AT R0 KF AT AV XS A0 F8 X8 X8I0 58 o AR 5L X0 A8 ARAR XK 4% 38 33 38 A0 RS 3K

true squ -1

tfalse equ not true : :
cr aqu @1n jcarriage return !
1t equ ¢ah jline teed

max_retries 2qu 12 jtor aisx i/0, tefore perr error

§ R TS R AR IR SR IR SO AR IR AR KRR RO ARG R NI KON SR MR 2R TR A6 RO RS 30
il

7 ¥ Loader_bios is true 1f assemoline tne
;* LOADER BICS, otnerwise BIOS is tor tne
y®* CPM.SYS tile.

)

§ FAFREECIATE ST R AR BE B0 AR AENE HF K8 36 KUK M NENR KB G A6 RR IO R NS K83 KRR A0 N MR NG SRR AT I

3 MK R K

LOADER_BIOS EQU TRUSE

bios_int equ <24 jreservea BUOS iaterrupt
IF not loader_bios

! |

bios_code egu 25¢@h

ccp_offset equ 9Yveén

o?os_ofst eyu ¢YB¢6n $BLOS entry point

' i !

. - -
’

ENDIF fnot ioader_bios

: IF loader_bios
5ios_code aqu 12¢¢h jstart ot LDBIOS
cecp_otfset equ ¢223n sbase ot CPMLOADER
blos_ofst gqu ¥4¢6n j;stripped BDOS entry

’ €3




i
|
|
|

ENDIF y loader_bios

csts egqu ¢1an 11€2051 status port
cdata egu ¢d48n H qata

SRR A N0 KT A KE AR AL X KT AR IR R RO RC 3 3K 2 K NEAXXAE 48 ROAC 52 XK A RERR AR KR RATK WIS
LS Ed
* INTEL iSEC 2¢2 Disx Coatroller Ports *
»® x

e Ws We @s We s we

SBAE KR 38 7R KR HE KR 5 KT AR 5B RE AR GRIE 33 X5 NG KT 5 K XA NEXE 35 3R KE 3% 5678 5538 A A8 3 T 35 A6 A6 38 A% W 54

nase equ £78n
rtype equ pase+1l
rbyte equ pase+d
reset equ rase+?
dstat equ nase
ilow equ base+l
inign equ tase+2

cseg

ore ccportset
cep:

org Yios_code
;*****##*l***#****************8***#***********
;* £
7y # BIOS Jump Vector for Individual Routines #
¥ x

;*3******************#*************F**********

Jop INIT yEnter from BOOT ROM or LOADER
jnp WBOOT yArrive nere from BDPOS call ¢
jnp CONST yreturn corsole Leysoard status
Jmp CONIN sreturn ~onsole Keyboard char
jmp CONOUT ywrite cnar to console nevice
Jnp LISTOUT swrite cnaracter to list device
Jnp PUNCH ywrit2 character to punch devire
jnp READER rreturn candr from reader device
Jnp HOME jmove to trg @¢¥ on cur sel drive
Jmp SELDSK rselect 4isk tor a2ext ri/write
Jmp SETTRK jSet track tor next rd/write

Jnp SETSEC iset sector tor next ra/write
jnp SETDMA jset oftset tor user burt (D™A)
jnp READ sread a 12% pyte sector

Jnp WRITE swrite a 128 byte sector

jnp LISTST sreturn list status

iy




Y

jnp SECTRAN t1xiate logical->prysical sector
jmp SETDVAR isa2t see base tor outrt (DMA)

jnp GETSES sreturn o2tfset of “em Lesc Tarie
Jnp GETIOBF sreturn I/2 map nyte (ID3YTE)
imp SETICEF iset I/0 map byte (IOBYTK)

§ TRTRFEIRAT IR A0 N0 RE AR AR AT R RRAT R R RIX O RORTAL {8 IR R X0 HIX 30 I0 AKX K0 KA R0 XA IR IX 40 K0 K¢

;;.z R
3% INIT Entry Point, Dirrers tor LDEIOS ana =
3* BIOS, accordinz to Loader_3ios value *
HES AR

'
§ FRAWRA R R R WA R IR R KRR TR 26T A A O A0 IR K TR AR AR KT

INIT:

yprint signon message ana initialize nardware

MmOV 3X,CS swe entareq witn a JMFF so us=a
mov s$%,4X 1CS: @as tne initial value ot SS:.,
mev ds,ax sDSz:,

mov 2$,ax s1and X%S:

juse local stack during iaitiaiization
mov sp,offset stxbase
2ld 15t trorward direction

IF not loader_bios

-e e

- e an - —— - —— — —  ———

;7 Tais is a BIOS for tne CPM.SYS tile.
y Setup all irterrupt vectors in iow
y memory to aiiress trap

pusn 4as ysave tne LS register
mov IQERYTE,¢ yelear IQRYTE

mov ax,¢

mov ds,ax

mov es,ax 1set BS and DS to zero

ssetup iaterrupt ¢ to adaress trap routine
mov int¥_otfset,oftset int_trap
mov int¢_seemert,CS

mov di,4
mov si,@ ithen propagate
TOV ¢X,51¢ ytrap vector to

rep movs ax,ax all 256 inaterrupts

7 BDOS offset to proper interrupt

mov bdos_otrset,bdos_otst

pop ds yrestore tne DS register

(additional CP/M-S5 1initiaifization)

ENDIF ynot loader_bpios

IF lecaaer_bios
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+Thie is a BICS #or tne LOADLR

pusa d4s ysave data segrent
: mov ax,¢
nmov 4s,ax spoint to sefsment zero

t+ 3DOS interrupt otrtset

mov bios_ottset,pdos_orst

mov baos_segment,(S ibdos interrupt seesment
(a?ditional LOADER initiaiization)

pon d4s P1r2570re 413ata seemet

-s

ENDIF y Loaaar_bios

s w4

nov bx,offset siznon

call pmse yprint siznon message

mov Cil.¢ sdefauly tn 4r A: on coldstart

Jnp ccp tJump to cold start entry ot ICP
NEOOT: jmp ccp+d ydirect entry to CCP at command level

IF not loader_»ics

- ——— — - — v — — —

cli 1blocx interrupts

mov ax,cs

mov ds,ax 122t our d4ata segrent
mov bx,offset int_trp

call pmsz

nlt yaardstop

- we

ENDIF inot loader_tins

§ %O 0N R RE AR AL AR I AL HE AR ALRE 38 K 30 58 5E O R K5 058 K0 5 08 R NH IR AR B4 AA NN A A8
o X
’

CP/M Cnaracter 1/C Interrace Routines =

1
,-v= L
HE console 1s USART (i=251a) on iSEC 812 =
P at ports Dw/DA 3
- HR R e b L L L S L L Lt L S B L L
CONST: yconsole status
- in ajf,csts
ard al,2
Jz const_ret
or al,2hs yrétura non-zero it raa
const_ret:
ret srovr data availabple
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CONIN: yconsol= 1nput
cali CONST
Jz CONIN y43it tor D2
in 2l,cdata
and al,7¢n ireag 2ata § remeove parity it
ret
CONOUT: yconsole autput
ir al,cs1ts
ani ai,l y221% console status
jz CONOUT
mov al,cl
out cdata,al itransmitter burter is emptry
ret stcen return data
LISTOUT: yiist device output
ycot implemented
ret
LISTST: ypell list status
ynot implamented
rey
PUNCH: iwrite puncn device
tnot implerented
RXADER:
mev al,lan sreturn eotr ¥Yor now
ret
GFTIOBF:
MOT AL,@ yIOBRYTE NOT IMPLEMENTED
ret
SFTIQETF:
ret tl1obyte not 1mplementea

7y Foutine to g2t and ec20 3 2OnsSOle caaranter

H apd snift it to upper case
uconecho:
zall CONIN f2et a coansole character
pusa ax
mov cl,al ysave and
~all CONOUT
pop ax jecno to cornsole
cmp al,’a’
ib uret jl2ss than “a’ is o«
cmp al, ‘'z
Ja uret igreater tnan ‘z° 1s o«
87

Ve e
SRS b ady 7 ro~.




sud al, ’2’="8" jeise snitt to ~aps
uret:
1 ret
L JuEY-H
“svy al, [8Y) ;Set next cnar from messaze

test al,al

jz return yiv 2zero return

nmav CL, AL

cagl CONOUT ierint it ‘
ias =X |
Jnps pmez jnext CRar«Ciler ani [Cor. ;

=

TS 38 K AR KR KRR R 5 KB ATIW A8 3EE REKRE 35 55 48 AT SAAE AT 38 388 3F AEHR KEIE 53 36 38 58 58 IR A S8R 3R
x

Disg laput/Output Routines =
»

’
'
; A
y

§ A TR A TR R R FOK IR0 B IRICR A8 59 KA AR 5T IR 53 A I

1 SXLDSK: tselect aisk fiven ty register CL
adisks eau 2 jaumber of Ai1sks (up to 16)
nmov disg,.cl ysave disx zumoer
mov br,dLié¢n yready for error return
2mp cl,ndiskKs in besyond max d4iszs?
jnt return sreturn 1Y so
mov ca,¥ jdoubie(n)
mov bx,2oX sbx = n
nov ¢cl,<& ireadv for *16
snl rx,cl sn = n ® 16
"0V °X,0tfset 1pbase
add bx,cx iiptase + r * 15
regurn: ret 3bx = .dpn
HOME: ;Tove selected disk to nome position (Track ¢°
mov lo_com,aomcom
mov tTK,d
call execute
ret

SETTR%: 3set tra~k aidiress given by CL
mov trik,CL
ret

SETSEC: 3set sector number given oy =l
mov sect,CL
ret

SECTRAN: jtranslate sector CX usine table at [DX]

mov cn,d

mov BX,CX

TEST DX,¢¢ ;IS THXRE A SKEW?
JZ NQ_SKbY yIF NOT, RET

e ik colmg aNN ¢




ad1 nvx,dx 7ada s=2ctor 1o tran table avdress
rov ol,[nx] ;21 Lo2ical se~tor
ret
NJ_SHEYW:
ADD 2X,1
RET

SETLMA: $set UMA oftset zivern oy X
mov 4ma _3dr,CX
ret

SLTLMAB: jszt DMA segment given oy CX
mov dma_see,CX
ret

G we

ETSEGT: jreturn acdress of unysical memory tanie
mov bx,otftvset sez_tatle
ret

H FEARREREIEAT KR AE SEIT R S AT AT RERT AT AS M AR IR AT IR XIS R GE ATSA XA SRR 32 MR I ET AL R L M MR 38

e ®
H All disx I/0 parameters are setup: *
e DISK is disk numper (SELDSE) =
¥ TRK is tracg number (SETTRK) =
i ¥ SECT 1s sector aumcer (SETSsC) =
Vs I0_ADR IS THE PHYS ADDR FOR DMa *
P DmMp ATR  is tne DMA Lsc ottset ®
;¥ READ reads tne selected s2ctor 1o tne JMA*
i* adaress, and ARITE writes tne cata rrom ¥
i* tne DA adiress to tne selected sector ¥
e 3%
'} ’; FEX% 3T 5L XC X6 HEHE HC RC X6 X8 5T X0 RO X N0 A A% A SR IE IEHL 0 AE RLIAR GRS IE SLAR FE SR IR0 A K3 MM AL IR AT M 3R

READ:

mov cl,4

mov al,disk ycombine disx sele=stion

sal al,cl ywitn opcoce

ar al,rdcode

mov 1o_rom,al icreate iopb

jmps execute
WRITE:

mov cl,4

mov al,disk

. sal al,cl

or al,wrcoie ycreate iopb for write

mov 1o_com,al
SYECUTE:

outer_retry:

RSOl St el e b 7.




mov riry_-~nt,max_retries

retry:
in al,rtype jclear cgontroller
in al,rbyte ’
call sendcom

idle: in al,1stat ywalt tor completicn
and al,4 yready
jz iale

cneck 1.0. completion ok
in al,rtype

-

’ ¥¢¥ unlinkxea i/0 comnplete £1 lingec 1/9 comp
H 18 1isk status cnanged 11 (not usez)
H must be 3 €¢ in al

test al,l¢b iready status cnange?

JNZ WREADY

OR AL,?

jnz werror jsome other error, retry

caeck 1/0 error nits

in al,rbyte

rcl al,l

mov err_coie,2¢h

Jb wready yunit not ready
rcr al,l

movV err_code,al

anrd al,dteh yany other errors?
jnz werror

-e

e we

resl or write is ok, al corntains ¢
ret

wreidy: snot ready, tredat 4s an error for now
in al,rtyte sclear result pyte
Jrps tryzount

#error: jreturn nardware maltunction
trycount:
den rtry_cnat

jnz retry

mov al,err_col2

mov ahk,@

mov bx,ax smike error code 15 tits

mov bx,errtbl[BX)

call pmse tprint appropriate messaze

in al,cdata t1¥lusn usart receiver butter

call uconecno sread upper case console cnaracter
cmp al,’C’

Je wtoot_1 scancel

7e
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cmp al,”’®
i j2 sutar_retry jrastry 1¢ more tires
cnp al, I

Je z_ret yignore error
or al,25% 1SRt ~01e ¥or permanernt =rror
z_ret: ret
whoot_l: jcan’t make it w/ a snort lezp
jmo AEJOT
; MUER IR IR BRI B SRR A R MRIZ RN B IR MR ISR IRIE I RRIL AR SRILR TR 58
;* 3%
7* sendcon serds tne adaress of tne iopt to #®
Hi the 1SBC 202 %
3 %

3 TOAENE RN AN R AR FRC TR R XA FEHN R KR S X5 R0 30 R A R A A KA TR RN

senpdcomn:
MOV CL,4
MCV AX,DMA_SEG
SAL AX,CL
ADD AX,DMA_ADR
MOV IO_ADR,AX
MoV CL,4
MOV AX,CS
SAL AY,CL
8DD AY,OFFSET CHANCMD ;ADD SE5 S OFFPSET ©03 2¢2
out ilow,al
mov cl,%
sar ax,~l

i out inien,al

j ret
N 3 T TR AR R AT K AR R X KR R AR XA A H T T ROH XA T KT X0 R LKL K
¥ *
HG Data Areas *
A ®
H O 30X A KE X IERE XK XL X HE AT FERCA 30 28 36 NE XX XX AW RCAT I AT SR ACACAR XX AT 5% KO HT KO AR RO AR AC AT IXRE 5%
data_ofttset equ otfset 5
dsee
ore lata_offser ycontiguous with code segmenty
IOBYTE db )
disk abd 4 y1isk number
) cnancnd db 8¢n tiopt cnannel word
. {o_com db ¢
nsec ab 1 yaumber sectors to xtrer
trk dbd ¢
sect av ¢ ystart sesctor
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I0 ADR DT PleicH sPEYS ADDR FOR SEC2K2 TSk
4m3_acdr dw 4¢8¢n jLvA aar {cerault)
ira_seg 1w ¢ iDMA Zase S=2gment
h HOM COM Egy 2
: IDCODE  ®CU &
®8R _COLX DB ¢uE
WRZCIODE H£QU 8
Ir loaaer_nios
;———— - -—— -
o | 1
? )
signon 4db gr,lf.cr.lf
4 ac CP/M¥-=56 Version 1.27,cr,1t,¢
, HH ;
; - - -
SNDIF 7 loader_bpios
IF not loader_bdbilos
i ~ B .
| B {
siznon dbo er,it,cr,.it
1b "System Generatea ¢5/25/81°
ab Cr,it,¢
HH i
; —— —_— —— — - -
ENDIF jnot loader_bios
int_trp 1b AP, it
ao “Interrupt Trap Halt’
ollo) cr,l1t,¢
arrtbl 4w er¢,erl,er2,ersd
dw er4,er5,erg,er?
da or8,ery,era,ers
dw erC,erD,erg,er’f
aw eri¢,2srv,er4d,erkd
erd ¢p cr,i¥,’Null Error ?27,¢
arl db cr,lf, Lel=2ted hecordi :°.¢
erz it e¢r,if ,"CRC Error :7,2
ers dt er,lt, Data Overrun-Underrun :”,¢
2ré 4b cr,lt, Seek Error :7,¢
erd equ 2rd
) are aqu erd
er? egu er¢
i eryg db cr,if, Azdress Error :°,¢
er3 10 cr.lt, Write Protest :7,¢
era db cr,1f,”1D CRC Frror :%,¢
er3 ab cr,lf,’Write Error :7,¢
arC i1» ~r,1lt,’Sector Not Founz :7,¢

\

72

N
Q\IMF"-—-- —_—

¥ s R NN T N 1



erd eyu erd
er: 1 er,18,°00 Az2rsss Marz 7, ¢
arF 49 or,lt,Data Margk errar 7,
erld eyu 2ar3
sred eyu er’
arsd equ erE
ersd ap cr,l¥,’brive vot Seady :7,¢

rtry_cat 4t 2 ylis£ error ratry counter
i System emory Sesment Tatle

sezgtarle do 1 31 segments

iw tpa_see 11st see starts atrter BISS
dw tpa_len 1dna extenas to 284¢¢
INCLUDE DOUBnLE.LIB 7 READ IN DISK DSFINITIONS

loc_stg rw 32 jlocal stack ror irnitialization
stzbase eyu otfs=2t 3

lastotrt equ orrset $
tpa_ceg egu {lastotf+¢aden+ls) / 16
tpa_l=n equ €¥g¢a - tpa_seg

d0 ¢ s¥ily last address tror GENCMD
L L it L b b L St
i :
¥ fummy Data Section ®
L4 %

§ VR TR IR RN RS IR RGN AR BEASAA AT NG A N0 HEIRAG AR HE A0 H RN 36 3R K0 AR A AT RO A

dsee ¢ yabsolute LlOow remory .
org )] ;{interrupt vectors)
int2_ottset r'w 1
int¢ _seement rw 1
; pad to system call vector
rw 2%(pdos_1int=-1)
pios_ortrset Tw 1
vdos_sesment Tw 1
END

riry_cnt 4b ¢ ydisk error retry counter

«u”,,.._,_..;ilﬁ
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R0M tootstrap for CP/M-=6 on an 1SECEE8/12
Witz 1tne
{138C 2¢! & 2¢2 Floppy Disx Controllers

Copyrigznt (C) 13&¢2,13%1
Cigital Ee<earcn, Inc.

Box 579, Pacific Greve

Calirornia, 39335¢

RRAR AR IR AT AR IR IR KRR O IR A AR SATL IR IR IR SA IR IE IR IEIE ST RE AL AL AR AR AL AT SIS M AR AT IR A AL SR8 K0

3 * Tnis is tn= pOOT ROM wnicn is resident ®
#* in tne 327 monitor. To execute tne Dbogt =
¥ tne monitor must be brougat on—Lline and
* then ~cntrol passad by the command =
* eg¥fde:¢ . First, tne HOM moves o
¥ a3 copy of its cdata area to R2AM at tcca- ¥
* ticn €¢Y¢e¢B, tnen initializes the seement®
* registers and tne stacg£ poilnter, Tas =
¥ various peripneral interface caips on the
® 3BC 56/12 are initialized. The £251 x*
# serial intertac2 is contrigured for a 3I64¢*
¥ paud asyncaronous terminai, and tae in—-
® tarrupt controller is setup tor iater- *
# rupls 1l¥H-17H (vectors atv ¢Yd4UE—-¢CYSEE) =
¥ and edge-triggered auto-E0I (enc of in- =
* terrupt) mode witn 31l iaterrupt levels =
¥ masged-of¥. Nextl, tne 2¢1-2¢¥2 licgerte =
¥ ~ontroller is initializeda, and trac<g o *
* sector 1 1s resil to determine itne target *
¥ paragraph address ter LJOADXR., Finaily, *
* the LOADER on tracg € sectors 2-2% aad =
* tracg 1 sectors 1-2€ is read into tne *
# target aidress. Control tnen transtsrs =
# to LOADER. 320M #*

* ¢ contains the 2ven menory locations, &and*
# R0M 1 contains the odd aadresses. BQOT =
= ROM uses RAM tetween Y¢E¢€H and ¢C¢TFFE # !
® (atsolute) for & scratcn area, aiong witn®
k- 3 .
X

tne sactor 1 buffer. o !
36 R B 3E A 5E N IX 3K 4B KE XK K A 5 FC X8 50 JE K AX 5 AT 3% 7850 A% T W6 I8 50 FCAK K 50 IR AR A

e24yu 18
agqu 1¢

‘e 3

disk ports anda commands
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tase 2qu ¢7%n
rtype 24qu tase+1
rhyte 2qu base+s
reset equ tase+?
H
istat equ base
ilow equ base+l
inien equ base+2
’
sactual cecnsole baud rate
paud_rate aqu SloYa’A
tvalue for =253 tdaud counter
baud equ 768/ (baud_rate/12¢)
’
cstls equ ¢DAn 715291 status port
cdata 2qu 2LEn ’ 43ata port
H
tcn? equ ¢C¢on 12253 PIC cnannel ¢ port
tenl egu tcnd+2 3ca 1 port
ten2 2qu tonég+4  jon 2 port
tcnd equ teng+6 8283 command port
;
iop1 equ ¢C2n 782593 port ¢
icp2 2qu sC2n 1£289a port 1
’
sacsen agu Zc5h jo¥tset ror tracx 1
H
RIMSEG EQJ @FFD4E
L
’
j ssee romseg

’
skFirst, move our data area 1nto RAM at Y0 :02¢¢
1

MOV aX,2S

mov ds,ax trpoint DS to CS for source
nev SI,dromobegin istart of aata
mov DI,oftfset ram_start jortset ot destiration
nov ax,?d
mov es,ax sdestination sezgment is “diwve ‘
mov CX,data_lenetn ilow much to move in bytes
rep movs al,al inove out 2% eprom & tvie

yat a time

mov ax,¢
nov ds,ax sdata segmept now in RAM
mev S$S$,ax

mov Sp,Stack_oftset

sInitialize sta-« s=2gment/
ypoiater
HE e}

cld ear tne directicn tlae

K 75




-e We wswe

-s we we

restart:

homer:

.
’

-a

mnov
out
mnov
out
nov
out
mov
out

in

al, 13n
icpl,al
al,1i0n
iep2,al
al,1Fn
icp2,al
al,¢FFn
1cp2,al

Reset and initialize

yalso
al,rtype

in al,rbyte

out
mev

reset,al
BY,ottset

CALL execute

mev
nov
mev
mov
inc
nov
mov

bx,OFFS&T
ar, bx
bx,o0ffset
Ibx],al
tx
{ox]),an
bx,o0ftset

call execute

mov
mov
nov
53l
nov
mov
inr
nov
mov

25,abs
ax,es
cl,ds
ax,cl
tx,nftset
[bx],al
ox
{ex],an
tx,o0ffset

nall execute

mov
mov
add
sal
mov
mov
inc
mov
mov

cl,v4
ax,es
ax,secsec
ax,cl
bx,offset
lox).al
bx
(bx],an
bx,ottset

Setup tne 3253 Proerammable [nterrupt Controiler

129259a ICYW 1 r¢k6 mode

18289a ICW 2 ve~tor @ &¢-5F

142593 ICY 4 auto L0l master

1820938 OCWY 1 masx all levels ottt

the 2¢1/222 Disk=tte Intervra-~e

come bacKk here on fatal errors
sclear status tvpe register
yclear status register
ireset aisgette system

home
ynome drive ¢

senrtorl yorrsetr tor tirst sscteor DVA
reater in packet
reaad+5 ;.
’
} packetl now completle
rezdd ypacket l1o~ation
1send pacxket
t}segment loc tor LOADEZ:
ymust translate to 16 it aps
yandr tor aiskette controller
readl+hH
yenter in pacxketv
readl

yread tracg ¢

rcompute oftset for tracx 1

read2+%

reaad




NP

trace 2

-
rs
1]
W
128

, ' call execute

; MoV 123 p_S2gMmernt,es
;setup tar jump vector
mov leap oftrset,d

-

we @t g e W,

enter LOALLRR
Jmpt dword ptr l=2ap_otfsst

| prsz:
nov cl, [BX]
test cl,cl
Jz return
: call conout
] tac RY
Jrp pmse
{ ; )
cogout:
in 3l,csts
- test al,l
Jz conout
mov al,cl
out z3ata,al

"o
i -

’

sronin:
in al,csts
test al,2
Jz conin
in al,cdata
and ait,7Fn

rev
’
H
'
axescute:
ragry: sra2c v iy L.oive notl ready
- in ai,rtype ;clgar cgntroiler
g in al,rayte i
call sendcom
idle: ina al,istatg isystem status
;" and al,<¢
Jz {412 1system awaitiag i1aterupt
in ai,riype ycnacg drive status
test ai,2
Jz intemp
cvP BETRY i1/C NOT COMPLETY, TRY AGAILN




intemps: in al,ryte
=1 5101
Jae 1scnmp
RCT 4,1
Jnp tartal

igrcmp: rer oal,l
and al,i¢ten
jz return
Jvp 25TAY

’

H

’

“atal:
mov ci,?¢

£7587T: EBCR AL,
ine ¢l

TEST AL,Z1
Jz frest

mey al,cl
mov ah,¢
ADT AY,AX
TO0V bX,ax
~ov 2x,errtbhifEY]
’ orint apopropriate error
call »msz
~3l1]l ~onizx
D9p ax
Jmp restarse
’
raturn:
DET
’
’
H
H
sandrom:e yrcutine to5 send
mov ax,tx
out ilow,al
mov ¢l,¢8
sar ax,cl
out inignh,al
ret

-e e wg Wo we Wy

drompeein =gu ortrsat $
H
H

Inage o% 4ata to te moved ton RaM

-e
-
(9]
[
w
(@]
(o]
3
4
—
n
ct
m
Yy
n
(3]
w
ot
]}
el

ave

yrestore
yary errars 7

y ¥atal srror

smeke 15 rltue
messazge

yWwalt vor gsy strige
ydiscare nnucser iter
ytwen start atll cver

sreturn fror LXi7UTE

ct
e ]
[y
(&
L]
«t
(¢
11N
P
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L
!
sreidstrine in 5¢n spararatar nlocKk ic~w
abd i“n y T€aaQ runction Znle ¢Hr arive
18 1l y% sectors tc reaa
1ib < yTracg #
0 1 1start witn sectar 1
o l4] Z ;xlil contain lower Bdyte az4dr
ab ¢ ; " wupger
H
creadtried 10 H¢in
1t én 1r2ad multioale
dat 28 1% sectors te read
10 ¢ strack 2
at 4 yStaAart witwtn 2
i0 ¢ ydddr rOr Lrack ¢ g£nec pners
1 an Z ’
H
creaatrgl ab s¢n
abd &a
in 25 y3ectLors
an 1 sjtracg #
dab 1 ystart witn secter 1
10 € 1acdar lsbo
ab 2 $aqdr mst
?
~nomed ib g¢en
DB Y3k
id 2
ib ¢
ib 2
ib ¢
i5 Z
2 cerrtol dw oftset ery h
dw orrset erl |
dw offset er2
dw oftset ers
iw otrtset ers
dw otrfset erk
dw offset aro
dw oftsay er?
’
Cer? db crylt, "NuLrl &rror v7°,2 ﬁ
Cerl ab 2r,1t, CRC Error’,¢
Cer2 ab cr,Lt,”Seex krror’,2
‘ Cerd ab cr,1t, Aadress Error’,?
- Cer4 db cr,lt,’Data Overrun-Underrun’.¢
Cers ab c¢r,lt, Write Protect’,@
Cero ab cryit, Write Error’,o
Cer? db cr,it, ’Drive Not Ready’.¢

’
dromend equ offset $




W, .
I ;
| 13t3_lenet agu qromend-aromoegin
. 1
H reserve space iz 24M for data aresa
; (no nex records zererated nere)
k H
daseg ]
ore C2¢Kn
H
ran_start eyu )
readd ro 7 yread tra~g ¢ se~tor 1
» readl rt ? sread T¢ 32-¢6
- readg ro ? jreaa T1 51-26
' none rb 7 shome drive ¢
3 errtol rw B
ard b lengtn cer’ 116
arl o leneth cerl
er? rd lergtn cer2
erd ro lengin cerl
ar4 rh length cerc M
ers TD lengtn cerb 311
arH rp lenztn cere 715
er? rb leaeta cer? $17
r
leap_ctfset rw 1
leap_segment rw 1
’
H
Tw 32 11lo~al stacx
stack_otfset equ sft'set $ystack from nere diwn
?
’ T¢ 51 read in here
sectorl aqu offsetr S
y
Ty rb 1
Len rw 1
ADbs rw 1 yABS is all w#e care apout
Min W 1
vix T™W 1
and
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ritie ‘s¢es Disk 1/0 Urivers”

;u**mggggg*aggg¥mmg*mauumu$u%*gm$4$$$amagugaﬁm

-
4

ay W ws ws we Wwe wh we WP we

x
Basic Iaput/Output System [2iUS) ¢or
* CP2/Y-85 {onrigures teor i183C =5/1<2 wita
* the 1SEC 2¢+ Floppy Jisx Corniroller
=
# (Note:r tais file ceontains potn emeetdizc
* taps and oianks to minirize tna2 list rile
* wildin tor priatine purpirses. You My wisn
¥ T¢ expant the blanks tefore perrorming
= m3jor editianz.)
A RE L X2 R0 58 R X AL N8 5E XA R R IR N KRR IS RWIR AR

H Copyrigat (C) L13€2,14R1

; Cieital Researca, In:c.

H Boz £73, Pacific Grove

: Catifornia, 2835¢

?

5 (Permission i¢ nerepy srsnteq to vse

1 or apstract tne follewlag prograr in

H tha implementation of CP/M, MP/™M or

' C2/NET ror toe =gs=E€ or s3¢¥= Micro-~

; precessor)

true aqu -1

Yaise 2qu not Irue

;u4$u$$mug$*gqw**$$xmmgm*$$;$$gggmumagmm$mm&gm

e b

3* Lodader_tios 1s true iy assentliag tne *

y* LCADER 2I0S, ctaerwise BIOS is ror tas *

¥ CPM.SYS rile, Ele_list 1s true it w=2 *

;¥ nava a seridal priater attacaed t5 RALCRERZR =

+* Edos_int is intarrupt us=c fer eariier #

§® versione. o

i *

§ SRR N AT R IATE IR R AR GEAR R RIS R AL R A AR AN AL RS AT A3 34 AT AT SE R RTACARAR A AT IR AR5

loader_bios equ ralse

olc_list 24u truve

ndcs_int eyu 22¢ jsreserved EBLCS Interrupt
Ir not loader_vios

;_- - L - o -—— o ——

(38 1

it !

5 T NP

LT e -

PSR




0ios_~ode 2gu 25d¢rn
TTp_ort¥eay EqU wxel
22os_cfs* ayu ¢BZ4Ea LGS eptrtry point
H :
; — - - ——— - - —————— > - —
ENTIF yrot loader_cios
Iz loader_sios
; ——————— e e e e ——————— -
il ! i
nics_roze squ 12¢¢2 3start or LORICS
TCp_otrtrset 2qu ¥/¢3n jpase ot CPMLOALzR
r1os_ofst equ Y4v¢evn jetrippea ELCS evtrz
e !
L i
;.._ - - —— -
ENDIF iloagder_bins
251s equ ¢DAR ;152§1 status pcrt
cdata equ ¢Ltn iata port
Iz slc_list
; - —— —— — —— S - G - . P ———— ——— . - —————
il :
Ists 2qu 4la 720631 No. ¢ on BLC=23% status sort
l13ta aqu 4¢n ;5 " 43ta port
blc_resey 2qu 5¢n jreset selected USARTS »on ELCEzSE
;| |
’ —_— ——— —————————————
: ENDIF yole_list
2
k § W A TERL AR ARG 08 RO RUIR SRR AR IR ARATHR A0 KW A 3R REKS AR AL AR AEAW 43 382X 54 IR 3033 3%
g HE =
: | ;= Intel 1SBC 2¢4 Disz Controller Ports =
f (X 58
;:zv**#*ws«vsm:mv#**vv***n#s*z#**a**mmv:p*****n*
taseZés equ ¥agn 1 SBCZW4 assiened acdress
tdc_com equ taseldis+i s£271 FDC out command
fdc_stat gqu tasezp4+¢ 72271 in status
¢4dc_parm 2gu basedds+l 18271 out parameter
rdc_rslt agu Dase2¢e+l 18271 in resuit
tic_rst equ baseiys+2 78271 out resetg
dmac_air equ baseld4+4 78257 DMA bpase address out ;
amac_cont 2qu base2¢s+5 18257 out zontrol ;
imic_scan equ base2¢4+6 ;8257 out scan control H
1vac_sadr equ 03seld4+7 18257 out scah azdaress
1mac_mnonde equ base2ie+t 18257 out mode
1rac_stat equ vdaselibs+d 18257 in status
12 _sel 2qu D3aselP4e+9 ;FDC sel=2~t port (not uvsed)
t12_serment equ tase2yPs¢+lyY jseement address reglicster

82




reset_204 equ basez2#s+lS jreset entire iaterrace

max_retries 2qu 1¢ ymax retries on disk i/0
jbetrore perm errar
cr aygu ¢4a scarriage return
1t equ £an yline reedq
cseg
ore ccpotrtset
cCcps
org bi0s_code

9 TR 36 030 I 0 IK RO AL AC 3K I X TR TR KW AR IR R A AL TR XX IR IR A I I AR AR R I LT

;* b
+* BIOS Jump Vector for Indivicual Routines *
M x

§ SRR RGN AR IR AR 3TN R A I 3T R AR I N R R KA RER A KRR K8 A K /

Jmp INIT sEnter trom BOOT R0M or LOADER
Jnp WBOOT jArrive aere trrom BDCS call ¢
Jnp CONST sreturn consolie kKkeyboard status
jmp CONIN sreturn console xeyopoardi char
jnp CONOUT swrite cnar to console aevice
Jmp LISTOUT twrite character to List device
Jmp PUNCH swrita character to punch device
jnp READER ireturn cnar from reader ievice
jnp HOME ymove to trxk ¢¢ on cur sei crive
Jmp SELDSK iselect disg tor next ri/write
jnp SETTRK jset track for next ra/write

jmp SETSEC iset sectol for next re/write
jnp SETDVA jset otrset tor user butt (LCMR)
jnp READ yread a 12% ctytve sector

jmp WRITE ywPite a 12& pyte sector

jmp LISTST sretura list status

jnp SECTRAN ixlate lneical->paveical sector
jnp SETOMAE yset seg base ror outt (LMA)

jmp GETSEGT jreturn otrset ot Mem Dess Table
jnp GETIOEBF jreturn I/0 map tvte (IOLYTE)
jnp SETIOBF iset I[/0 map oyte (IJXTYTY)
;va**vmv**m*#*#*x**u*******vg***vun******x**:*

A ®

i* INIT Zntry Point, Ditters ror LLBIOS and

7* BIOS, accordine to Loader Eios wvalu= #*

* *
§ 5 R SRARAT AT REAS T 44 6 MRS AERE AT REKEHE FRATHE K0 40 A6 A8 N0 A0 R I A0 R0 AEIE AE R 38 2 3004 38

INIT: ypriat sienon message and initiaiize rardware

mov ax,cs ywe entereq witn a JMPF <o use
movV $5,3X 7 CS: as the initial value ot 58:,
mov ds,ax ’ Ls:,

£5

1
H
'
¥

Aty = e v e




mov es,ax ’ anz £5:

yuUS2 local stackK djurine initvializatico
mov sp,oftrset stLoase

cld >Rt torward dir=ention

IF not Lisader_=tios

]
Tnis is & BIOS trar tne CPM.SYS tile.
2tup all iaterrupt vectors in Liow
Tamory 10 3dir=ss tlrap

-.es ws

pusa as ysave tae DS resfister
“oV ax,¢
MOV 28, 23X
MoV £5,axX is5et xS anc DS 19 zero

isetup interrupt ¢ 10 a3ddress trap routine
mov intd_otftset,st's2t iat_trap
mov int¢_segment,CS

mov d.i &
nov si,¥ ytnen propagate
mov cx,51¢ ytrap vector tc

Tep mOVS ax,ax s3ll 288 interrugpts
XD0S oftfset to proper 1nterrupt

mov bdos_otfset,vdos_otst

pop ds yrestore the [S repists

RMPERIREERR BRI E RN RIEERE PRI IR BT RIS RRAEIR AR RIE R AEMANRI MR AR

* National “KLC £53£" Crannel ¢ ror a serial*

#® 962¢ tauvd printer - tials boare uses » Sigo-=
# netics 2521 Usarts waica nave on=-chiyg taua®
¥ rate 2en2rators. *

3t

S3RE SR TR AE RERT 38 58 58 BTN FR RTAR AT A AN AT EHT AT M ST AT 4T AR AR AT 50 AT A8 4K 58 38 38 #2838 5T

s W W e we ey we we

mov al,&Ffn
Jut olc_reset,al ireset ali usarts on =I7%- '
mov al,4Ez 3
out ldata+2,al sset usart ¢ in async & oit mocs
mov al,3En
out lzata+2,al jset usart ¥ te 964 beuc !
mov al.37h
nut lzata+3,al ijenacle Tx/Rx, and seE un RTS5,LTR

1

1

1

;
e e ——- i

ENDIF ynot loader_binss

IF loader_bpios

-e we

=1




r tae LOALsR

jT215 is a 2I28 re
y93ve d43T13 sAagnernt

LSt 1%
nov &ax,¢
TCV dS,ar i50int to s2Zment zerTo

s EDCS inaterrust orrset

m1ov tdos_ofrset,blos_ofst

Tov hdos_segment,CS jbdos 10U2Trupt Sexrernt
no0p 4% 1T2510re 4atd Seerell

- > T A ———— — ——— — T ————— — — . T — —— ——— f— . o — — —— T

ENCLF i loader_tios

- we

nov hx,offset signon

cal]l pmse iprint sisnon massage

mov Ccl.¥ jaetrault to> dr A! 2on coiastart

jmp cco vJump te cola start entry ¢t CCP
NEVOT: Jimp 2CD+5 sairect entry 1o CCP at -command level

I¥ net loader_Dics

~1li sblock iaterrupts .
mov ax,CS

MCcv CS,ax 122t our 13ata segrent

mov bx,otftset int_tirp

call pmsg

nlt ynarcstop

ENDLY¥ ynot loaaer_blos

§ IEHE R AR B TR AT RF R KO RE REAT I REAT R RO AR BRI XE ARARA0 A0 ITNE SRR o400 HR AWM AR AR 3853
HES %
Y CP/M Caaracter 1/0 Iatertace LHoutines w
e Console is Usart (is25la) on iS2C £5/12 *
y* at ports DH/DA =
LR =
;¥¥¥¥¥$¥#*¥$*##**M**#“¥##¥““*ﬁ*¥$#$g**ggu&gggm

CONST: sconsole status

in al,csts

and al,2

Jz const_ret

or al,259 ireturn norn-zero ir RDA
const_Tret:

ret ;aescelver Lata Availabdle
CONIN: jconsole input

call const




LISTOUT:

LISTST:

Jz CONIN swalt tor HLA
in at,caatra
and al,?7¢n jread data ara remove parity coit
ret
jconsole output
in al,csts
andi al,1 yZ2atl ~onsole status
Jz CONCUT ywait tor TEL
mov al,cl
cut cdiata,al iTransmitter Euttar Iooty
ret jtnen return date
jlist aevice output
IF plc_List

call LISTST

jez LISTOUT swait for printer not busy
mov al,cl
out ldata,al ssend cnar to TI €i¢

. - - i S T — —  —— ———— — — — G — . Py i S Vg, s ) D i D g

ENDIF  jolc_list
retv
1pcll list status

IF blc_list

-e wme
—— ‘

-a oo

———ara —— -

12 3l,.,1sTs

anda al,s1in 1i00%x av botn TxRLY ana TTE
enp al,8in

Jnz zero ret seitner talse, printer is ousy
or a},2s% ;bota true, LPT 1s ?e?dy

PUNCH:
ALADER:

GXTIOBF:

ENTIF yolc_list
ret
ynotl implemented ia tnis comfiguration

mov al,lan

ret sretura X0F for aow
mov al,¢ tyTTY: for consistency
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ret yIJEITE not implsrenterd
SEITIUBF:

ret yiobyte a0t implamenten
zaro_ret:

apd al,?
ret yraturn zerc in AL ana tlazs

Routine ta 22t :nd ecno a console cnaracter

'
’ anz saift 't to upper case

uczonecno:

call CONIN 1<et a consonle cnaracter

push ax

mov cl,al ySave and

call CONOUT

pop ax jecno to console

emp al, "2’ i

jo uret jless tnan ‘a’ is ox

~mp al,’z”’

ja uret jereater than “z° is ok

sub al,’a’=’4" jelse snift to caps
uret:

ret
H utiiity subroutine to print messares
pms3:

mov al, [BX] tzet next 2char trom message

test al,al

Jz rewura 7it zero return

mov CL, AL

call CONOOUT sprint 1t

inc BX

Jrps pmse jnext casracter and Lloop
§ AR ALHCAX KON N R R HE AR 2K AR K2R OX AR ROH IR RARRS AR AH R R R IIRRK R
»® %
A Tisk Input/Output 2outines =
P * *

; HOHR KB 3R KR AR AL KR 3B KX [T AT AL KL IRAL NE AL WAL AL AL XEAR K 30 M SHIR IR A6 IR AT AR I8 SRAR L IR R M TSR ;32

SELDSK: 1select disk eiven Yy reeister CIL
mov bBXx,d¥€un
smp ¢l,2 sthis BICS only supperts 2 4isgs
jap return yreturn w/ €eée¢ in BY ir tad drive
mov al, 8¢Yn
cmp 21,08
Jne sell yarive 1 it not zero
mov al, 4Yn yelse drive is 9

=27
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sell: mov sel _mask,3al jsive drive sele~t mask
110w, we need dis¥ parameler acdrecs

mov Cca,¢

movV bX,oX 13X = wor1(CL)

mov Ccl,4

snl bx,cl imultiply arive code * 1€

yrr2at2 oftrsat trom Disg Farameter Rase
add tx,offset dp_base

return:
ret
HOuE: imove selected aisk to nome position {Tracyg 2)
mov trk,9? yset disx 1/0 to track zero
mov bx,of'tset nom_com
call execute
Jz return ynore drive and return ir 2K
mov bx,oftrset bai_hom jelse print
call pmsg 7+ Home Error
jnps a2ome sand retry
SETTRK: 3set track address givean by CX
mov tre,cl ywe only use 8 pits of track 3cdrecs
ret
SETSEC: jset sector number given ty cCx
mov sect,Cci swe only use 8 pits of sector aadress
ret
SECTRAN: jtranslate sector CX usineg tatle at [DY!
mov bX,CX
add b»x,dx ta3dd sector to tran table address
mov bl, [ox] iget loeical sectar
ret
SETDMA: jset DMA otfrset eiven by CX
mov ama_adr,CX
ret
SETDMAB: jset DMA seemenat given py CX
mov dma_seez,CX
ret ]
’
GETSEGT: sreturn addr=2ss ot physi-al memory taole
mov bx,0ftset seg_tatie
ret

; T£ R AT 3% 3 X T KT AC XE RC X AT XL 08 XL XE X8 2T T 06 XX AL XL HE X 2 X6 AL XL ZC 3x K 3T IX B AL R 7T 7L XL AL 3T
el ®
+®* All daisk [/0 parameters are setup: the ¥
+* Read ani sdrite entry points transter one *
;¥ <cector of 128 bytes ton/tfrom tne current *

£8




y¥ DMA address using tne current 4isg drive *
;¥ ES
HELE LR P R R LB LU R L L PR 2 2 2 2R 2 21

AZAD:
mav al,12n 1bdasic read sector command
Jnps r_w_common

NRITS:

mov al,<an 10asic write sector zormani

r_w_comnmnon:
mov bx,offset io_com jpoint to cermmand String
mov tyte otr 1{BXJ,aif jput command iato Stirine
fall into eoxecute 3nd retura

yexecute command stiriae.

;i [BX] points to lengrtn,

) foliowed by Command boyte,

’ tollowsd 2y ilengtn-1 parameter bytes

mov last_com,BX jsave commana adiress tor retries
outer_retry:
jallow some retryirg
mov riry_cnt,max_retries
retry:
mov EX,last_com
call serd_com itransmit ccmmand to 18271
check status poll

mov EX,last_com

mov al,1{ox} jget command op code .
mov ¢x,¥¢8deh ymasg ¢ it will be int req
cnp al,2cn

Jb exec_poll 7ok 1t 1t is an irnterrupt tys2
mov ~Xx,B2¢8¢n 12152 we us2 ot ~0ommaad rcusy
and al,4fn

cnp al,2ch jurless taere isn’t

mov al,¢

Ja exec _exitv ’ any result
spoil tor oies in CH,
sxec_poll: i toegled witn pits in CL

in ai,fdc_stat gjread status

and al,Ca
xor al,~1 y 1isolate wnat we want to voli
jz exec_poll sdand Lood until it 1s done

7Operation compléte.
in 3l,rdz_rslt ; see it result code indaicates error

anda al,len




—
z oxec _=2xit ynCc errer, taen exit
}50me type Ot =rror ocnurret L oL, .
Zmp at,l¢n
Je dr_nrdy . +was it & rot reacy drive ?
sy 0, ;
a*_rdy: ; toen we just retry read or write |
dec rtry_crt {
jnz retry y up to 1l¢ tires %
H retriss 20 not recover from tne
’ n&rq error
movV an, ¢
mOV LX,ax ymage erroar coce 18 rits i
mov bdx,errtbl(BX}
~3ll pmse yorint appropriat2 ressage
in ai,cdata i¥lusn usarty receiver putfer
call uconecno yreaa upper cass consclile cazracter
~rp al, C’
je wboot_1 scancel
emp al, 2’
Je outer retry jratry 1l¢ more times
cmp al, _
Je z_ret tizpore error !
or 11,258 jset code *for perranent error {
exec_exizt: !
ret
ir_ardy: jnar2 to wait for arive ready ;
call test_ready
jaz retry it 1t°s reacy now we are dcne é
b call test_ready .
| jnz retvry iif not reedy twice in row, ;
'] mov bXx,of fset nrdiymsg W ¢
¥ call pmse § LCrive Notl Heady !
% arayél: i
call tast_ready [
jz nriyol jnow loop until drive ready !
jmps retry jtnen g0 retry witnout aecrement :
zret: f
and al,i .
ret sreturn witn no error code
- whboot 1: ;can’t make it w/ a short iteap
T jmp WBOOT
- § 6O X TR 3R K0T ROHE K AR R A AR A AR T AR R R 6 50 KO KA HOIRRK X
; HES Y
- i The 12271 requires a r=ad status commaand *
' ;¥ 1o resey a drive-not-ready atfter tne #
1¥ wurive pecomes ready W

]
'
)




. x
'
e R e R S P PR L P P e R T T A

test_reaay:

3
J
!
b
b

t
H
i
i

'

] mov dh, 4¢P iproper masg ir 4r 1

: test sel_masg,&¢n
jrz rriy2 !
mov dh, €4n jmasKk tor 4r @ status bit ;

ardy2:
mov dx,oftset rds_ccem
~2]ll send_com
dr_poll:
in al,fdc_stat $gel status word
test al,=¢n
jnz dr_poll 1walt for not cormand rtusy
in al,fdc_rslt i3et “speclai result’
test al,dn 1100K at bit for tnis 4rive
rey iTeturn stétus of ready

; KTHR HE KL X AT 48 KB 3% 4% X8 TR AR S8 KB X A8 3358 X6 AT RLIXL KB LR 38 4833 KT 38 TR 38 ZEM AT AT HE 4838 AR 38 ok
;* =
#+¥ Sead_com sends & command and parameiers *
3% to tae 1827]1: BX addresses parameters.
1® The DMA controller is also initialized =

+* 1f tnis is a reacd or write #

.
1
’

L

=
3656 %8 X% 3 5 3K XK 56 7 5 AR A0 REA R R0 R0 A HE AR 0O R KR 0N R X X AW FR KRR 52K

send_com:
in al,fcc_star
test al,8¢n sinsure command not dusy
jnz send_com sloop until reedy

ysee 1t w2 nave to initialize tor a DA cperation

nov al,1(bx] jget commang bvie

cemp al,12n

Jne write_mayh2 it not a read it coula "e write

mov cl,4¢n

Jmps init_ima 715 a read command, g£06 set LM}
warite_maybe:

cmp ai,dan

- jne dma_exit yieave UMA alone 1? not reac or write
l mov cl,E¢n ywe nave write, not read
3 initv_ama:
. jwe nave a reail or write operation, setup UMA controllesr
N H (CL contaius proper dir=actioz bit}
mov al,v4n
out dmac_mode,al 1enavle dmac
nov al,dd
out dmac_cont,al isend tfirst pyte to contrsl port
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mov al,cl

out aAmac_zIont,al 11loa1 direction register
movV ax,dma_air 1
out 4rac_air,al jsand lcw byte or Dva i@

mov al,an

out dmac_azr,al ysend nignh byte

mav 3X,d4ma_seeg

out tic_segment,al jsend Llow CLyvie of segment aIdress

mov al,an

sut ¢4~ sesement,al j;iren nien seement aqiress
ana_exit: -

mov cl, LBX] ;get count
inc 2X
nov al, [8%] 7€t command

or al,sel_rask ;merge command ancd 4arive cccze
out td-_rom,al §send commana -yt2
parm_loop:

dec ci
Jz exec _exint ;jno (more) varameters, return
inc EX ipoint to (next) parameter

parm_poll:
in al,fdc_stat

e pe s e

test al,2Zn jtest ‘parameter register fulfl’ tit
Jnz parm_poll sid1le uatil parm reg not full
mov al, [EX] i
out fdc_parm,al j;send nexty zmarameter
Jmps parm_loop 330 see if tnere are more parareters
3 TOWE R ZX X NCFCREX R A KA T R0 KRR AX RFE R HC AR 0K R A K RIS IR KRR K
i =
i Data Areas i
“ ;* x
9§ ] ;*#**#8*#****#******#*#*#*#*************‘-‘F’F**’ﬁ*
f 13ta_offset equ offset S
|
' isee
oreg data_otfset fcontizguous witn coze csegment '
I® loaaer_oios
; - ——— —— -
o ! t
) !
signon db cr,lf,cr,if i
it “CE/M-£6 Version 2.27,0r,1f,¢ -

|
i !

iloader_opios

not loader_bios

er,it,cr,i1f




e ST L geean iy s L, ~ . L ey 4

. co ° System Zeperatec - 11 Jan'81’.cr.1r.v
" !

INDIT ynet loader_bios

[ tad_nom dt cr,l¥, "Hore Error”.cr,it,e
{ irnt_trp dbd cr,lt, “Interrupt Tra, Zalt ,cr,lf,”

errtbtl dw er¢,erl,er2,2r3
dw er4,er5,erg,er?
dw erl,eryvy,era,ers
dw srC,erD,erk,erF

erd dy er,Lif, Null Error 22°,¢

erl agqu erd

ers equ erd

ersd equ erv

ers ds  ~r,1t,’Clock Error :7,¢

ers at cr,it,"late DvA :7,¢ !

ers d¢v cr,1£,”ID CRC Brrer :7,¢ !

er? ib er,1¢,’Data CRC Error :7,9 :

ers db cr,if, Drive Not RAeaay :’.¢ |
] ery Ab Ccry,if,’Write Protect :7,¢

ara do or,it, Tre ¢ Not Founz :7,¢

ers dt cr,lt, Write Faultr :,¢

erC Ah cr,if,’Sector Not Founc :,¢

erl equ er¢

erk equ er?

orF eqQu erg

nriymsg equ ers ]

: riry_cnt db% ¢ ydlsx error retry counter
! last_com dw € yaddress ot last cormand strine
1 dmna_adr dw ¢ jama offset storead aere
; dma_seg dw ¢ yima segment stored zers
sel_mask db 4Zh jsselact mask, 4¥n or £¢h
’ various command strings tor 13271 ;
'
1o_com db 3 ileneth
»4d_wr db ¢ jread/write tunction coede
trk db 9 ytrack # | 9
sect dbv 2 isesctor #
nom_com db 2,29n,2 ynome drive commana
- rds_com 4db 1l,<cn sread status command
’ System Memory Seement Table

segtable db 2 12 segments
dw tpa_see 1lst see starts arter 210§
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dw tpa_len sand extends 1o KE={Ee
dw 20¢¢n ssecond is 2Q¢¥Y -
1w 2¢k¥¢n y3FFFF (12ex)

inclnae sicgles.l11b 3;read in d4isk definitions

les_stk rw 32 jloc3l stack tor iritialization
stgbase eyu ofrfset S

lasto?f eyu offsat S
tpa_sez equ (lastott+d40dn+15) / 1lo
tpa_len egqu £8¢¢n - tpa_ses

eb € ytrill last acdress tfor siZNCMD
,‘ RN X0 X0 0 RCR AR AR R L A ALZX AR 00N R AL LI AE LN R IXRC A N IR R IR KRR R K
;# x
e Dummy Data Section #
S ®
§ FRREXE AT A TR QR I HOIW A R I AL A RN TR R NG B N K RO XK XK T TEIX A O R RO R
dseg ¢ sapsolute low memory
ore ¢ i(interrupt vectors)
int2_oftset rw 1
int?2_segment Tw 1
’ pad tou system call ve-tor
T 2%(baos_int~-1)
bdos_offset Tw 1
bdo0s_seement rw 1

END
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